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FOREWORD 
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T he interaction of the American system of higher education 
with the Federal Government represents an exceedingly 
complex system which requires considerable study for proper 
appreciation and understanding. The National Science Founda- 
tion is very much concerned with this interaction and carries out 
a continuous program of analysis to obtain a better understand- 
ing of the important factors of the Government-university rela- 
tionship. This program of evaluation involves both studies which 
are financed by the National Science Foundation and are carried 
out by non-Government institutions or individuals^ as well as 
studies carried out by NSF organizational units or individuals 
in those units. 

The report, '‘The Dynamics of Academic Science/* is the prod- 
uct of a study carried out by Dr. William V. Consolazio at a 
time when he was assigned to the NSF Planning Organization. 
The study introduces some novel and useful indices to relate 
such factors as institutional funding, degree production, etc., to 
Federal support, and reveals several interesting trends. The con- 
clusions reached in the study are those of Dr. Consolazio (arrived 
at, of course, after many discussions with other staff members 
and interested individuals) and do not necessarily reflect opin- 
ions of the National Science Foundation. However, this does 
not detract anything from this document, which represents an 
important step in our attempt to obtain further understanding 
of the dynamics of academic science and the relationship of the 
Federal Government to this system. 



Leland J. Haworth^ 

Director j National Science Foundation. 
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PREFACE 



The academic institution probably has contributed more to 
science and to learning generally than any other of man’s social 
inventions. It may be the most vital social force in Western 
civilization. 

In the United States the institution of higher education is 
steeped in a tradition of local autonomy. This localized inde- 
pendence now faces new challenges. Under the pressures of a 
long-term and persistent economic need, new forms of institu- 
tional funding have gained influence and now pose a challenge 
to the institution’s ability to determine its own destiny. In 1940 
Federal funds for higher education were relatively negligible. In 
fiscal year 1963 the institutions of higher education in the United 
States received in excess of $1 billion in Federal funds for aca- 
demic science. This sum constituted about 21 percent of the 
total income of the 700 ii^stituiions of higher learning receiving 
this aid. With what effects? 

One approach to an understanding of the relationships which 
have developed between the Federal Government and the aca- 
demic institution is statistical. This approach requires the identi- 
fication, characterization, and subsequent analysis of all institu- 
tional resources. To accomplish these ends necessitates specialized 
economic and educational resource data based upon the aca- 
demic institution’s total income, the size and character of its 
student body (with special reference to graduate students and 
students of science), the size and character of its faculty, and 
the nature of its facilities. These are the inputs. There needs 
to be, furthermore, some specialized statistical techniques: some 
which are now readily available and some which must be fash- 
ioned for the purpose. These techniques must seek out the 
relationships between an institution’s output of trained science 
graduates at various academic levels and productivity in science 
and technology. With such data and their related analyses, one 
may partially gauge the Federal impact on academic science. 

If national planning for academic science is to have validity, 
then the resources available — manpower, facilities, income— must 
be examined periodically and in a consistent fashion. To plan 
sensibly the Nation’s educational future, meaningful compari- 
sons are required which can be applied to individual institu- 
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tions and to various classes and types of institutions. In turn, 
Federal funds to these institutions must be provided in the light 
of such comparisons and such plans. 

For much valuable assistance and advice I thank the members 
of NSF’s Planning Organization and specifically these members 
of the Foundation: Charles Cohen, Joyce Hamaty, Nathan Kas- 
sack, Richard Mayer, and Dominic Sorrentino. I especially wish 
to express my indebtedness to Henry Birnbaum, Charles Falk 
and Louis Levin for their contributions to the organization and 
review of the manuscript. I am also very much indtrbted to 
my former associates—Harry Alpert, Samuel Aronoff, William 
Col man, Arthur Grad and Alan Waterman— for having read the 
manuscript and for many constructive suggestions. Finally, I 
want to express my appreciation to Leland J. Haworth, the 
Director of the Foundation, for his understanding of the need 
for studies of this type and for his encouragement in this effort. 

This manuscript is, of course, the effort of one man and sub- 
ject to his biases and inadequacies. Thus, the conclusions and 
interpretations reached are solely my own and not necessarily 
those of the National Science Foundation. 

William V. Consolazio, 
January 1967. 
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I. GLOSSARY OF SPECIAL TERMS 



Academic Science: All those aspects of science and technology which 
are part of the curriculum, teaching, or study (research) activities 
of institutions of higher education, exclusive of the activities of 
Federal contract research centers: 

AEC: Atomic Energy Commission. 

Class A Institution: An institution of higher learning that in academic 
year 1962-1963 awarded at least one doctorate in science or engineer- 
ing, or at least one doctor of medicine or dentistry. 

Class B Institution: An institution that in academic year 1962-1963 
awarded at least o:ae master's degree in science or engineering or at 
least one doctor of veterinary medicine, but no doctorates in science 
and technology, nor any degrees in medicine or dentistry. 

Class C Institution: An institution that in academic year 1962-1963 
awarded at least one baccalaureate in science or engineering, but 
neither master's degrees nor doctorates in science and engineering, 
nor degrees in medicine, dentistry, or veterinary medicine. 

Class D Institution: An institution that in academic year 1962-1963 
awarded at least one baccalaureate in any field of learning but no 
degrees in science and engineering, medicine, dental medicine, veteri- 
nary medicine, agriculture, or paramedical subjects. 

Contract Research Center, Federal: An organization exclusively or sub- 
stantially financed by the Federal Government, which in most 
instances was established to meet a . particular research and develop- 
ment need of the Federal establishment. In this instance, it is admin- 
istered on a contractual basis by educational institutions. 

Degree Accredited Institution: An academic institution granting at 
least a bachelor's degree, accredited by a regional board of education 
or a national professional society for the year of the study. 

OOD: Department of Defense. 

EGI (Educational and General Income) (Academic Budget): University 

and college income reported or received during the year under study 
and used specifically by an institution for educational purposes. 

Contract-grant research (science) funds are excluded. 

FFAS YFedera/ f unds iFor Academic Science): All^ grant or contract 

obligations for fiscal year 1963 of individual Federal agencies in sup- 
port of all scientific and technological activities associated with the 



educational process to all degree-granting academic institutions or 
individuals associated with academic institutions. Excluded are all 
identifiable appropriations for contract research centers, construction 
of graduate and undergraduate facilities, and loans. 

MEEU: Medical Education-Engaged University. 

NASA: National Aeronautics and Space Administration. 

Nonrecipienfs (Nonparticipanfs): Academic institutions not receiving 
Federal funds for academic science in fiscal year 1963, 

NSF: National Science Foundation. 

Obligations: Funds for contracts and grants awarded during the year 
of the appropriation-fiscal year 1963 in the case of the present study. 

Other (Agencies): Departments of Interior, Commerce, Labor and 
State, Tennessee Valley Authority, and Veterans Administration. 

R&D (Research and Development) (Federal): Includes all direct, indi- 
rect, incidental, or related costs resulting from or necessary to research 
and development, regardless of whether the research and develop- 
ment are performed by a Federal agency (intramural) or performed 
by a private individual or organization under contract and grant 
arrangement (extramural) • The terms research and development 
exclude routine product testing, quality control, mapping and sur- 
veys, collection of general purpose statistics, exj>erimental production, 
and activities concerned primarily with the dissemination of scientific 
information and the training of scientific manpower. 

Re (Graduate Education Index): A measure of an institution’s compara- 
tive contribution to graduate education — the ratio of graduate student 
enrollment to total enrollment. 

Rfd (Federal Funds Impact Index— Science Education): A measure of the 
impact of Federal funds on an academic institution’s educational 
program (productivity) in science and technology — the ratio of Fed- 
eral funds for academic science to educational productivity in science 
and technology (S&T DP) . 

Rfe (Federal Funds Impact Index — Total Income): A measure of the im- 

^ pact of Federal funds on the academic institution as a whole (or 
its total income) — the ratio of Federal funds for academic science 
to the institution’s total income. 

Rs (Science Education Index): A measure of an institution’s comparative 
contribution to education in the sciences— the ratio of an institution’s 
total educational output in science and technology education (S&X 
DP) to its total educational potential (total enrollment) . 

S&T DP (Science and Technology Degree Productivity): ; A weighted sys- 
tem of reducing all degrees awarded in science and technology in 
terms of a base unit— the bachelor’s degree in science and engineering. 
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Total Educational Intome: Theoretically, the total income of an aca- 
demic institution from any and all sources available for educational 
or scholarly (research) purposes; in reality, the sum of the educa- 
tional and general income (EGI) and Federal funds for academic 
science (FFAS) . 

University: Every institution of higher education associated with grad- 
uate or professional education even to and including institutes of 
science and technology and/or independent medical colleges. 

USD A: United States Department of Agriculture. 

USOE: United States Office of Education. 

USPH5: United States Public Health Service. 






II. STATEMENT OF FINDINGS 



Objectives 

1. Develop a profile of the sources of production of scientific 
and technological manpower of Onited States universities and 
colleges. 

2. Assemble meaningful data on the nature, level, and dis- 
tribution of Federal funds for academic science. 

3. Evolve and improve concepts and measuring techniques 
for ascertaining the contributions of academic institutions to 
scientific and technological manpower resources. 

4. Test a model for the periodic examination of the relation 
of Federal funds to academic science, in particular, and to insti- 
tutions of higher education, in general. 

Summary 

1. The universe of higher education in the United States in 
academic year 1962—1963 consisted of 2,136 institutions — 1,442 
degree-granting (four-year) and 694 junior (two-year) colleges. 
Of the 1,442 degree-granting institutions, 1,257 were accredited. 

The 1,063 institutions that are the science education contrib- 
uting component of the degree-accredited institutions, constitute 
the population of universities and colleges investigated. 

2. The study population included 3.4 : million degree-listed 
students, of whom 370,000 were in graduate studies. The study 
group accounted for practically all those individuals who were 
awarded bachelor’s, master’s, and doctorates in scieri'ce and engi- 
neering in the year studied, and all the veterinarians, dentists, 
and 95 percent of the doctors of medicine. 

3. A total of 711 degree-accredited institutions, two-thirds of 
the studied population, received $1.10 billion in Federal funds 
for academic science from 13 agencies in fiscal year 1963. This 
sum constituted 21 percent of the entire income of the recipient 
institutions; ' : ^ 

4. Less than 16 perceiit of the degree-accredited institutibns 
(166) received 96 percent of the Federal funds for academic 
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science. They enrolled 51 percent of the degree-registered stu- 
dents and 72.5 percent of all those in graduate studies. They 
accounted for 75 percent of the Nation’s educational produc- 
tivity in science and technology (S8cT DP) . They awarded 56 
percent of all the bachelor’s degrees, 88 percent of all the mas- 
ter’s, and 99 percent of all the doctorates in science and engi- 
neering, as well as 99 percent of the degrees in veterinary medi- 
cine, all the degrees in medicine in the study population (95 
percent of the total trained in that year) and 95 percent of the 
degrees in dentistry. 

5. Four hundred sixteen degree-accredited, recipient-of-Fed- 

eral-funds institutions, almost 40 percent of the study popula- 
tion, received only one percent of the Federal funds for academic 
science. They enrolled 22 percent of the degree-registered and 
10 percent of all graduate students. They accounted for 11 per- 
cent of all the Nation’s educational productivity in science and 
technology (S&T DP units) . They awarded 20 percent of the 
bachelor’s and 4 percent of the master’s degrees in science and 
engineering. They produced, however, only 24 (0.3 percent) 

of the doctorates in science and engineering, and none of the 
doctors of medicine or dentistry. 

6. Private institutions, numbering 229, received $485 million 
or 44 percent of the Federal funds obligated for academic sci- 
ence. Public insitutions, numbering 354, received $547 million 
or 50 percent of the total. Denominational institutions, num- 
bering 480, received $67 million, about 6 percent of the Federal 
funds. 

7. The nonreripient institutions of Federal funds for academic 
science, one-third of the study population, totaled 352. They 
enrolled 10 percent of the degree-listed and 3 percent of the 
graduate students. They accounted for 8 percent of the bache- 
lor’s, 0.3 percent of the master’s degrees, and none of the doc- 
torates produced in science and engineering. 

8. There were 69 degree-accredited institutions , that enrolled 
Negro students predominantly. These institutions enrolled 2.7 
percent of the degree-registered students; they produced 2.2 
percent of the bachelor’s in science and engineering, 0.6 percent of 
the master’s, and 0.1 percent of the doctoral degrees. They re- 
ceived 0.5 percent of the Federal funds. 

9. There were 80 universities engaged in medical education. 
They received 69 percent of the Federal funds for academic 
science and they accounted for 43 percent of the educational 
and general income (academic income) of the 1,063 universities 
and colleges studied. They further accounted for 48 percent of 
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th^ Nation's productivity (S&T DP units) in scientific and tech- 
nological manpower. They received the bulk of their Federal 
support — 55 percent of all the Federal funds for academic sci- 
ence — from the U.S. Public Health Service. 

10. The U.S. Public Health Service obligated 45 percent of all 
Federal funds for academic science; the National Science Foun- 
dation, 21 percent; and the Department qf De^fense, 18 percent. 
Ten other agencies share the remaining 1 6 percent. 

11. The National Science Foundation was the sole support of 
272. and the U.S. Public Health Service of 51 academic institu- 
tions. The Foundation supported 648 institutions out of a tota.1 
711 receiving Federal funds; the Public Health Service contrib- 
uted support to 398 institutions. 



Conclusions 

Statistically speaking, there appears to be: 

1. a direct linear relationship between the Federal funds for 
academic science received by academic institutions and their 
educational and general income (academic budget) . For every 
$10 million universities raised in fiscal year 1963 in academic 
income, they raised approximately another $4 million in Federal 
funds for academic science. 

2. at least two identifiable levels in the graduate-total enroll- 
ment characteristics of academic institutions, wherein the eco- 
nomics of education show marked shifts. At the upper level insti- 
tutions budgeted approximately $12 million of their own for 
every 1,000 graduate students enrolled; for every 1,000 science 
and technology degree units produced, they budgeted $17 
million. 

3. a linear relationship between total enrollment and the 
academic budget (the educational and general income) and, 
similarly, between this same income and institutional commit- 
ment to graduate education and the education of scientific man- 
power (S&T DP units) . 

4. a direct relationship between Federal funds for academic 
science and the number of doctoral degrees produced in science 
and engineering. This relationship is a confirmation of the view 
that productivity in graduate education in the s*^iences and pro- 
ductivity of quality academic research are closely related, if not 
different faces of the same coin. On the average approximately 
$1 million in Federal funds is associated with the award of seven 
doctorates in science and engineering. 
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5. a mutually beneficial relationship between the Federal 
Government, as expressed by the funds provided for academic 
science, and higher education. The institutions that are the 
principal beneficiaries of Federal funds for academic science also 
seem to be those that emphasize research and the training of 
scientific and technological manpower — especially at the ad- 
vanced degree level. These principal recipients of Federal funds 
also contribute their own financial resources in proportion to 
their productivity in science education and advanced study. 

6. the upwelling of a number of significant problems as a 
consequence of this generally mutually beneficial relationship. 

a. Patterns of support for academic science have evolved and 
developed to a stage where large numbers of universities and 
colleges participate marginally or not at all in Federal programs. 
These institutions may find it increasingly difiicult in the years 
ahead to attract competent staff and students. 

b. A significant number of major private universities, spe- 
cifically those engaged in medical education and science and 
technology, receive a substantial proportion of their total in- 
come— upwards of 40 percent— from Federal funds. To a large 
degree this Federal income emanates from agencies whose basic 
missions are other than those associated with the advancement 
of higher education and principally from the U.S. Public Health 
Service. It appears that academic institutions may be gravitating 
toward an irreversiible, economic dependence - on the Federal 
Government, principally on Federal agencies whose primary sci- 
entific and technological objectives are problem solving in the 
national interest. 








III. AK INTERPRETATION OF THE FINDINGS 



State of Statistical Information 



An enormous volume of statistical information dealing with 
higher education has been examined during this study, but the 
data relating to academic science and higher education have 
been by no means exhausted. Far too many issues were left 
unexplored. Available data were not always precise nor mean- 
ingful and large gaps exist in the data banks. 

There is a need to reevaluate the totality of information sys- 
tems dealing with higher education, academic science, and Fed- 
eral funding statistics associated with academic science — not only 
what is collected and stored, but how it is processed, and made 
available. Guidance and leadership, however, must include prob- 
lem-oriented specialists and individuals steeped in the traditions 
of academic science and higher education. Reform must go to 
the roots of data gathering and processing. 

The time for such reevaluation is propitious. There is active 
participation in academic science and in higher education by 
all sectors of the economy. There is a renewed interest by the 
Congress and the President in encouraging long-range thinking 
on Federal programs and practices related to the strengthening 
of academic science and higher education. 

There is a need for more precise and a wider range of sta- 
tistics on American colleges and universities. More specific infor- 
mation is required directly related to the needs of academic 
science and the patterns of the relationship developing between 
Government arid universities and colleges. Required are data 
reduced to the basic mdiyidual bits and stored in systems which 
make possible any nutnber of statistical compilations and manip- 
ulations. Such basic information must be collected and made 
freely available in a fashion that is easily stored, updated and 
retrieved. 

Statistical Measures for Universities and Colleges 

The picture of the academic institution presented here is 
more a silhouette than a profile. It is more a-'sitiiplified view 
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of the university principally, and specifically, the scientific and 
technological component of higher education. It seems obvious 
that additional measuring techni<jues are needed that specifi- 
cally delineate the more affluent from the less affluent Class A 
institutions, and yield a more precise picture of the Classes B 
and C. Certainly more studies are required in depth and in time. 

Xhere are a number of obvious weaknesses in the study due, 
in the main, to the statistics used, the principal being enroll- 
ment data. Enrollment statistics that combine full- and part- 
time student information tend to exaggerate the size of the 
urban university — institutions , with large evening study programs 
and equally large part-time enrollment characteristics. Xhe sub- 
stitution of full-time statistics would have skewed the study in the 
other direction, by minimizing the size and educational contribu- 
tion of these same institutions. Full-time-equivalent data are 
equally unsatisfactory, for these statistics, at best, are funda- 
mentally guesses. 

Despite the constraints placed upon the present study, suffi- 
cient value has been demonstrated to make it worthwhile to 
consider a continuation and an expansion. Xhe usefulness of 
such an expansion is open-ended, ranging all the way from insti- 
tution planning to national stock taking in resource allocation. 



Gains Attributable to Federal Funds 



Federal funds for academic science, on the whole, are primar- 
ily appropriated for research and for problem solving in the 
national interest. In general, federally sponsored academic sci- 
ence is research directed, and to a large degree dominated by 
agencies whose objectives are not those principally associated 
with advancing or strengthening higher education. Furthermore, 
it can be correctly assumed, because peer-merit systems of deci- 
sion making are used in the allocation of Federal funds for aca- 
demic science, that federally sponsored academic science, in the 
main, is also quality directed. Given these assumptions, one 
then may conclude that, on the whole. Federal funds for aca- 
demic science are quality research directed but to a large degree 
restricted to circumscribed areas of academic science. 



Since research dollars are obligated principally for the sup- 
port of faculty, graduate students, postdoctoral associates, facili- 
ties, equipment and supplies, it stands to reason that such sup- 
port has its effect on science education at the graduate and 
postgraduate levels primarily, rather than at the undergraduate 
level. Xhis research by-product (the science education compo- 
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nent) , when combined with funds obligated specifically for 
education in the sciences, is not insignificant. These funds have a 
profound influence at the educational level. They correlate di- 
rectly with manpower productivity in science and technology. 
(The energetic pursuit by college and university administrators 
of an ever-increasing share of both the Federal academic science 
and the research and development dollar adds further proof of 
the educational value of academic science funds.) 

Since, on the whole, the (juality-competitiveness of the re- 
search supported is basic in Federal funding practices, it may 
be assumed further that quality universities engaged in science 
and technology are also the principal recipients of Federal funds 
for academic science. This assumption is certainly corroborated 
by this study, for data indicate that the principal recipients of 
Federal funds are also the principal producers of advanced de- 
gree manpower in science and technology. In fiscal year 1963, 
166 institutions out of a total population of 1,063 degree- 
accredited institutions produced 99 percent of all the doctorates 
in science and engineering, 88 percent of the master’s, 57 percent 
of the bachelor’s degrees, practically all the veterinarians, doc- 
tors of dentistry, and doctors of medicine. These institutions re- 
ceived 96 percent of the Federal funds obligated for academic 
science. If one grants that this circumscribed group of 166 insti- 
tutions includes the major research universities of the Nation, 
then their educational product is bound to be of high quality 
by virtue of the system of quality-competitiveness in selecting 
them for Federal science support. Accordingly, the study rein- 
forces the value of the peer-merit system of Federal support to 
academic science, for such a method of allocating funds seems to 
yield as an important by-product, high productivity and high 
qaulity advanced education in science and technology. 

Marginal entd Nonrecipients of Federal Funds 

However, with this success, a number of problem areas appear 
to have developed. There is the failure of 352 institutions of 
higher education, the smaller and less affluent, to profit from 
Federal funds or participate in Federal science programs. These 
institutions appear to make little contribution to graduate edu- 
cation or education in the sciences. They, nevertheless, do train 
about 8 percent of the baccalaureates in science and engineering. 
These nonrecipients of Federal funds lack many of the educa- 
tional advantages of their more prosperous relatives. The finan- 
cial and ir-tellectual-educational problems faced by these less 
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privileged institutions must not be attributed solely to the lack 
of Federal funds. The majority of the nonrecipient institutions, 
in the main, face a condition which existed prior to the estab- 
lishment of Federal programs in support of science; rather this 
condition is the result of long-term cultural, economic, and edu- 
cational factors. Few of the nonrecipients, if any, have attained 
academic stature in scientific research or science education. Their 
financial-intellectual-educational problems have, nevertheless, 
been aggravated during the past 10 years. The influence of 
Federal funds has tended to make the recipient institutions even 
more attractive to faculty and students than their nonrecipient 
contemporaries. By increasing the attractiveness of the recipient 
institutions. Federal funds are inclined to limit the availability 
of quality faculty and students, and in fact, to encourage the 
concentration of high-quality people in a limited number of 
select institutions. 

If one adds to the 10,000 baccalaureates in science and engi- 
neering produced by the nonrecipients, the 27,000 of the related 
416 institutions that receive some but little Federal aid— about 
one percent of the Federal funds— the number of students ex- 
posed to less than the best the Nation has to offer in science 
education increases severalfold. These 768 institutions (352 + 
416) constitute more than^O percent of the Nation’s accredited 
institutions of higher learning granting at least the bachelor’s 
degree. They trained 28 percent of the bachelor’s and 2 percent 
of the master’s degree graduates in science and engineering in 
1962—1963. It might be inferred that most of the 37,000 bache- 
lor’s and 1,000 master’s degree graduates in science and engineer- 
ing, the product of the marginal to non participating institutions 
in Federal programs, failed to receive an education even ap- 
proaching the best the Nation had to offer in the sciences. 

The universities and colleges enrolling Negroes predominantly 
constitute a special problem. “A not inconsiderable number . . . 
struggle along toward the rear of the academic procession. 
They constitute a special problem because their students at best 
receive a marginal education in science and technology. Other 
sources of higher education are unavailable to these students, 
both because of the inadequacy of their previous education and 
their financial limitations. Since institutions that enroll Negro 
students predominantly will continue for some years to come 
as the backbone of Negro higher education in the South, the 
problem of raising their educational capabilities is pressing and 
immediate. 

Within the group of 416 marginally supported institutions 
are some rather distinguished liberal arts colleges. Accordingly, 
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the references to lack of quality need modification. However, 
quality statements related to depth and variety of the curricu- 
lum in science and technology still obtain. Those liberal arts 
colleges which have accepted educational roles in science and 
technology appear to stand high in rank ordering by whatever 
criteria used, considering their small enrollment. They are active 
participants in Federal programs for academic science and sub- 
stantial producers of the baccalaureate degree in science and 
engineering. Their educational and general income level is es- 
pecially significant in that it indicates a high degree of affluence, 
independence, and participation in quality education. 

The survival of the liberal arts college, in some respects, de- 
pends on the degree to which it can continue to attract suffi- 
cient numbers of sophisticated faculty and students in the 
sciences. The value gained from the limited statistics available 
and the critical and transitional state of liberal arts education 
adds a sense of urgency to further exploration of the charac- 
teristics, aspirations, and direction of liberal arts institutions. 

The educational and fiscal problems of the nonrecipient and 
marginally participating academic institutions are not the result 
of Federal programs in support of academic science. Basically, 
the primary purpose of Federal funds is the advancement of 
science and technology in the national interest. If these funds 
have an influence on educational institutions, it is because of 
the intimate relationships that exist between academic research 
and graduate and professional science education. Accordingly, 
the failure of Federal funds to reach each and every institution 
of higher education should not serve as a basis for criticism of 
the present system of dispensing academic science funds. Such 
criticism, especially the failure to give aid to the vast population 
of smaller and less affluent institutions, can only have validity 
if such aid were the prime objective of these funds. There has 
been a tendency to hold Federal programs in support of science 
responsible for failures that could well be attributed to lack of 
local initiative and regional responsibility, and inadequacy of 
standards for educational programs. 

It is worth reemphasizing that Federal programs in support 
of academic science have gained for the United States a position 
of world leadership in research.®® They also have brought high 
standards and quality to the Nation’s science education and 
training programs. Since the basic purpose of the Federal sup- 
port program previous to fiscal year 1963 was the funding of 
research, and since a large proportion of the program funds 
were obligated for problem solving in the national interest, it 
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is difficult to understand how issue can be taken with the present 
system of funding science because it tends to concentrate the 
educational benefits in a limited number of institutions. 



Institutions Dependent on Federal Funds 

Another problem area associated with Federal support of aca- 
demic science is what appears to be a developing irreversible 
dependence of the Nation’s principal universities on Federal 
programs whose funds in support of science and technology are 
appropriated for problem solving in the national interest. In 
fiscal year 1963, 711 institutions received 21 percent of their total 
income from Federal funds for academic science. About one-half 
this sum came from one agency, the U.S. Public Health Service, 
whose mission is improving the Nation’s health. Only 20 percent 
of the total Federal funds available came from Federal agencies 
whose objectives were principally strengthening academic sci- 
ence and higher education. 

The bulk of the funds (96 percent) were concentrated in 166 
institutions — principally the universities. Twenty-two of these 
institutions, the Class A private institutions predominantly, re- 
ceived 40 percent or more of their total income from Federal 
funds. Added to this, is the fact that 35 percent of the total 
income of the private and denominational, medical education- 
engaged universities came from this same source. That the 
private component, of the major advanced degree producer in- 
stitutions of scientific mianpower, depends so heavily on Federal 
funds appropriated HBbr problem solving in the national inter- 
est, is sufficient cause for a reexamination of the Federal system 
of support to academic science; it is also cause for the academic 
institution to reexamine itself and its relationship to the Fed- 
eral Government. 

To make matters even more worthy of consideration, the 
large dependence of academic science on the support of the U.S. 
Public Health Service raises questions concerning the wisdom 
of continuing to bias the overall support of academic science 
and the related educational sequalae principally in terms of the 
interests of one Federal agency. As academic science continues 
to increase its dependence on Federal funds, the growth and 
development of the education component should not become 
dependent on support programs that fundamentally fulfill the 
objectives of the sponsor, irrespective of how enlightened that 
agency’s practices may be. 
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According to James Perkins:®" 

It is the casual, unreflective, opportunistic development o£ interests £or 
the sole purpose o£ attracting £unds for prestige which obviously violates 
integrity. 

Allied to this question of academic institution dependence on 
one agency, are those that focus on institutional, regional, and 
field-of-science distribution of Federal funds. The high level of 
funding by one agency, the U.S. Public Health Service, in a 
limited number of major universities — those principally asso- 
ciated with medical education — is one of the reasons for the 
present patterns of distribution of Federal funds. All considera- 
tions dealing with concentration or distribution of these funds, 
whether by region,®^ by activity of science, or by discipline are 
weighted by the policies and programs of the U.S. Public Health 
Service. The sums made available to academic science by this 
one agency are so large, and yet so circumscribed (because of 
the nature of their appropriation) , as to affect greatly any 
policy considerations related to allocation of scientific and edu- 
cational resources and Federal funds. Accordingly, Federal funds 
are apt to converge in those areas of science and regions of the 
United States where medical education is concentrated. 



Federal Funds and The Future of Academic Science 

There is no simple answer to such questions. Restricting or 
reallocating the problem solving component of Federal funds 
for academic science to bring about a more equitable distribu- 
tion of funds among Federal agencies, by fields of science, by 
regions, and institutions would do irreparable damage at this 
time to the Nation's basic research and science education pro- 
grams. In the first instance the concept "equitable distribution" 
too frequently has a personalized and biased meaning. But more 
important, academic science and higher education even now are 
irreversibly dependent on such Federal funds. The answer cer- 
tainly does not lie in a policy that concentrates on institutional 
support to the detriment of individual project research support, 
for there appears to be too beneficial a secondary effect on insti- 
tutional quality resulting from the direct support to scientists 
and of research selected solely on the basis of merit. The sup- 
port of the institution at the expense of the individual scientist 
or project research can do irreparable harm to a system of qual- 
ity-competitiveness, whose results are high national standards 
for scientific research and for science education. Quality science 
education at graduate and professional levels can be pursued 
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only after quality research has become fairly well established and 
is a normal activity of the academic institution. 

The use of Federal funds in support of individual project 
research does not seem the proper vehicle for broadening the 
institutional and regional base of academic science. Objectives 
to broaden the base can be served best by increasing the level 
of Federal funds appropriaited directly for higher education and 
science education, funds specifically for strengthening depart- 
ments of science and institutions of higher learning. Programs 
are being introduced for these purposes. But in spite of these 
accomplishments there is still room for improvement; there is 
clearly a need for new and additional forms of support to aca- 
demic science. One such system could, be a generalized science 
education support program based on an institution's produc- 
tivity or potential in science education, W^th the resources and 
the talent available in both Gove^TaThent ajid academic insti- 
tutions, it should be relatively simple to develop the necessary 
administrative tools and support programs to encourage and 
^5tploit the best in science education and to make quality educa- 
tion available to all. 

Gerard Piel recently testified: 

... as against son^e simple minded formula leased upon population and 
income, tlic availability of financing on tbe Federal scale invites tbe most 
generous and wise imaginations in American bigber education to join in 
the framing of new objectives, new standards, and new kinds of fiscal 
instruments. 

No Federal program in support of academic science, however, 
should be undertaken at the expense of existing quality insti- 
tutions or by denying adequate financial assistance to productive 
scientists. The encouragement of quality research should con- 
titipe .to be national policy. The ideal policy for the support of 
academic science should continue to be one that strengthens 
science quality wherever it is found and that reaches for the 
highest of quality standards in scientific research and science 
education. , , 






IV. GOVERNMENT-ACADEMIC SCIENCE RELATIONSHIPS 



Xhe Morrill Land-Grant College Act of 1862 set the stage for 
the nurturing of academic science by the Federal Government. 

Xhe Act donated: 

. . . public lands Co the several States and Xerritories which may provide 
colleges for the benefit of agriculture and the mechanic arts. 

Xhen for the first time, the Government of the United States, 
without fully anticipating the consequences, began influencing 
the course and strength of science at universities and colleges. 
Xhe intention at that time was not to strengthen academic sci- 
ence for its own sake. Xhe Congressional objective was more 
practical and immediate. Xhe Morrill Act had as its basic pur- 
pose the advancement of agriculture and the mechanic arts for 
the very contemporary needs of an expanding Nation. 

World War I saw the beginnings of the harnessing of academic 
science to serve directly the needs of Government itself. Such 
service, however, as university and college scientists could pro- 
vide was disassociated from the institution and campus. Aca- 
demic scientists went to war, so to speak. Xhey came under 
direct military control, either as scientists in uniform or as civil- 
ians working for the various military establishments, such as the 
Army Signal Corps, the Navy Bureau of Ordnance, and the Army 
Medical Corps. According to Hunter Dupree: 

Basic science . . . did not fare well during the war years. Long-range 
programs suffered not only in Government bxireaus, but also by absorption 
of investigators from universities . . . by robbing the colleges, universities, 
and industries of trained scientists . . . but at the expense of basic researcii 
and of training new men. 



Possibly based cn this experience and probably because of the 
recogfnition of the importance of military technology. World 
War II witnessed a fuller interplay between the Federal Govern- 
ment and academic science through the establishment, by Execu- 
tive Order in June 1941, of the Office of Scientific Research arid 
Development (OSRD) ® with Vannevar Bush as its Director. 
It was to serve: 



World War II and Its Consequences 
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... as a center for mobilizing; of the scientific personnel and the resources 
of the Nation in order to assure maximum utilization of such personnel 
and resources in developing and applying the results of scientific research 
for defense purposes. 

The magnitude of the Office of Scientific Research and Develop- 
ment fiscal operations for its full life (1941—1946) just exceeded 
$550 million. Even though this budget was for all research and 
development and not restricted solely to academic science per se, 
the OSRD’s impact on academic science was far-reaching. 

The wartime research effort, and in particular the relation- 
ships established by the OSRD with academic institutions — fur- 
ther developed by the Office of Naval Research — brought about 
a number of significant changes in Government-academic science 
relationships, many of which have persisted as policies and prac- 
tices of the several Federal agencies which currently support 
scientific activities. The use of the contract as the basic vehicle 
for the conduct of academic research, the fixing of substantive 
responsibility upon the individual scientist, emphasis on proj- 
ect research, the use of panels of scientists in decision making, 
dedication to high-quality research — all these set the tone and 
pattern for the present Government-academic science relation- 
ships. 

The exigencies of war compelled the OSRD to focus on the 
applied sciences, especially as they related to the pressing mili- 
tary needs of Government. This emphasis on applied science, 
to a degree, accounted for its demise almost immediately after 
the close of the war. The fact is that it was never intended to 
persist as a permanent organization of Government. In 1945 
Vannevar Bush advanced the concept of a National Research 
Foundation to continue the basic research aspects of the OSRD— 
the strengthening of academic science. His report. Science, The 
Endless Frontier,^ is a landmark for its vision and its states- 
manlike persuasiveness. Under a program for action. Dr. Bush 
recommended: 

The Government should accept new responsibilities for promoting the flow 
of new scientific knowledge and the development of scientific talent in our 
youth. These responsibilities are the proper concern of the Government .for 
they vitally affect our health, our jobs, and our National security. It is in 
keeping also with basic United States policy that the Government should 
foster the opening of new frontiers, and this is the modern way to do it. 

After a period of legislative soul searching shared by the sci- 
entific and academic community, the Congress, and the Presi- 
dent of the United States, Public Law 507 of the 81st Congress, 
the National Science Foundation Act; became law in 1950. In 
the meaiitime, the Atomic Energy Commission and the office of 
Naval Research (ONR) had been established (1946). By 1950 








ONR had become the dominant force in academic science. The 
National Institutes of Health, established in 1930, underwent 
marked growth and change during this same period. It had be- 
come a leader in the support of medical research; its research 
and training programs were already a significant force in the 
medical schools of the Nation. 

In fiscal year 1951, the year the National Science Foundation 
became operational, the Federal Government obligated $172 mil- 
lion to nonprofit institutions for scientific research and develo- 
ment.'* These funds, in contradistinction to funds for academic 
science (that is, the broad spectrum of research and education 
activities) , were fundamentally for research, including plant and 
construction. An additional $122 million was obligated to con- 
tract research centers. In that year the National Science Founda- 
tion received an appropriation of $225,000. 

The years 1945—55 were years of preparation, adaptation, and 
stabilization for Federal academic science programs. The Office 
of Naval Research and the National Institutes of Health ac- 
cepted a substantial pfrt of the burden for the academic sciences 
formerly supported by the Office of Scientific Research and 
Development. They had expanded their support far beyond the 
former OSRD interests. The Atomic Energy Commission did not 
become a force in academic science until the turn of the decade, 
about 1950. For up until that time the Office cf Naval Research 
had either managed the Atomic Energy Commission component 
of academic science or had been supporting this area with its 
own funds. The U.S. Department of Agriculture, the only other 
Federal agency with influence in academic science at the time, 
continued in its traditional support of university and State ex- 
periment stations at support levels similar to those of the pre- 
war years. 

Between 1945 and 1952 the university research and develoj>- 
ment budget of the Federal Government (including funds for con- 
tract research centers) increased from $120 million to $280 mil- 
lion.® Probably not more than half of this amount was for the 
support of research at academic institutions. 



The Influence of The Sputniks 

In 1957 came Sputnik; it created the sort of national con- 
sciousness of international competitiveness that usually arouses 
a nation to action. Sputnik brought about an awareness of the 
needs and value of this country’s science and technology, thus 
focusing attention on scientific and technological manpower. 
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Nicholas DeWitt two years earlier had already documented the 
state of Soviet professional manpower* so that, by the time the 
Sputnik was orbiting the earth, the Federal Government was tak- 
ing steps to raise the quality of United States scientific and 
technological education. The years immediately following Sputnik 
saw the introduction of programs to upgrade science teachers 
(science institutes) and the promotion of programs to draw re- 
search talent into the system of science teaching. Mechanisms to 
evaluate and revamp teaching in secondary school physics (course 
content improvement) were among the many innovations. 

Sputnik also brought about a change in the political structure 
of the White House. For the first time science was formally repre- 
sented at the highest level of Government. James Killian, Presi- 
dent of the Massachusetts Institute of Technology, became the first 
Special Assistant to the President for Science and Technology. 
Following the establishment of the Office of Science Advisor to 
the President there was established by Executive Order the Fed- 
eral Gouncil for Science and Technology (1959) , later followed by 
the establishment of the Office of Science and Technology (Reor- 
ganization Act No. 2, June 1962) . 

The Present 

In fiscal year 1958, the level of Federal funds for support of sci- 
ence at colleges and universities proper was $282 million.^ It rose 
to $802 million in fiscal year 1962, and to $1,178 million in fiscal 
year 1964. The so-called total research and development budget 
for the Federal Government for fiscal year 1958 was $4.5 billion. 
It rose to $10.4 billion in fiscal year 1962, and $14.7 billion in 
1964. 

It wais the billions in the total Federal research and development 
budget, especially beginning with fiscal year 1962 ($10.4 billion) , 
that aroused the Congress to the spectacular growth that had . 
occurred in the Nation’s research and development activities. In 
that year the National Aeronautics and Space Administration ac- 
counted for $1.4 billion of this total $10.4 billion obligated. In 
fiscal year 1963 the National Aeronautics and Space Administra- 
tion’s research and development budget was $2.8 billion, and in 
the following year it rose to $4.2 billion. The sudden rise in the 
total Federal research and development budget, resulting from 
the National Aeronautics and Space Administration’s expansion, 
exposed a number of problems relating to the character of Fed- 
eral science support with which th^ Congress, the Executive 
Branch of Government and the scientific community are still 






wrestling. In 1962 the first major investigation of a Federal re- 
search program was instituted by the Congress of the United 
States. Xhe investigations which began with those of the U.S. 
House of Representatives Subcommittee of the Committee on Gov- 
ernment Operations (the Fountain Committee) ® have continued 
into this last Congressional year. 

To some members of Congress the total Federal research and 
development budget became confused with the support of aca- 
demic research. Xhe need for recognition of the distinction be- 
tween Federal research and development as such and Federal funds 
for academic science was underscored by the new Director of the 
National Science Foundation, Dr. Leland Haworth, who drew at- 
tention to this problem by devoting a significant part of his 1964 
message® to a clarification of the issues i revolved. He asked: 

What are the facts? How can the figures oe presented in their proper 
perspective? 

He then went on to say: 

. . - the familiar term 'rcsearcli and development’ does not refer to a 
single entity. On the contiar>% it covers very broad range of scientific and 
technological activities. Xhese activities range from the most fundamental 
and basic research to the development of highly complex devices. Xhe con- 
venient abbreviation R&D can be dangerous in that it can lead to confusion 
and misunderstanding. 

In 1963 the Subcommittee on Education and Labor of the 
U.S. House of Representatives (the Edith Green Committee) 
published a most informative report on Federal support to edu- 
cation. A part of the report was statistical and focused on Federal 
support of science and its effects on higher education. In 1963 
an extensive study was undertaken by the Select Committee on 
Government Research of the U ^S. House of Representatives (the 
Carl Elliott Committee) Xen reports and a resume were pre- 
pared by the Elliott Committee staff; they dealt with the admin- 
istration of science and technology. Federal facilities, science 
information, student aid, influence of Federal practices and poli- 
cies, coordination, and national goals. At about the same time the 
U.S. House Committee on Science and Astronautics, and espe- 
cially the Subcommittee on Science, Research and Development 
(the Daddario Committee) , undertook a series of investigations 
on the state of the Nation’s science. A number of reports were 
issued of which the most significant are those dealing with basic 
research and national goals, scientific-technical advice for 

Congfress,” geographical distribution of Federal research and 
development funds,” and a 15-year review of the National Sci- 
ence Foundation.” Concomitantly, the Committee on Government 
Operations of the U.S. House of Representatives (the Reuss Com- 
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mittee) undertook hearings and prepared a report on research 
programs and national goals for higher education." 
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The Need For A Public Policy for Academic Science 



In March 1965 the Committee on Science and Public Policy 
of the National Academy of Sciences (the KListiakowsky Com- 
mittee) broke new ground by the preparation of a report for the 
U.S. House Committee on Science and Astronautics on basic re- 
search and national goals." The 15 separately written essays 
appearing in this monograph emphasized the complexity of the 
task facing the Nation with respect to planning for the support 
and promotion of research. Subsequent investigation of the Reuss 
and Daddario Committees further emphasized the complexity of 
the issues involved in establishing national goals for science. 
Much of the testimony before these Committees scored the diffi- 
culties in reaching a consensus and the dangers of generalization. 
The Daddario Committee" endorsed the views of the National 
Academy of Sciences Committee on Science and Public Policy. It 
acknowledged: 



. . . the complexity of the two questions posed for advice, and the diffi- 
culties in the way of substantial agreement among the various disciplines 
of the scientific community on specifics of these questions. Viewed in this 
light, it is understandable tliat simple, clear-cut answers to these questions 
are not likely to appear. 

It went on to say: 

Nonetheless, answers must be sought. 

As a consequence of a nurnber of parallel studies undertaken 
by the Executive Branch of Government, the White House, on 13 
September 1965, issued the now famous Presidential memoran- 
dum— “Strengthening Academic Capability of Science Through- 
out the Country/' 

This memorandum marked the significance of higher educa- 
tion and academic science in fulfillment of the ^Nation's goals. It 
gave direction to Federal policy for academic science, establishing 
that: ^ 

A strong and vital educational system is an essential part of the Great 
Society. . . . The strength of the research and development program o^ the 
major agencies and hence their ability to meet national needs, depends 
heavily on the total strength of our university system. 

The philosophy of the Federal Government has advanced to a 
stage where the Establishment is now irrevocably committed to 
the support of higher education,"^ to the arts and liumanities," 
to science and technology. The rise iii the Federal research 
and development budget, the explosive growth of the techno- 












logical programs of the National Aeronautics and Space Admin- 
istration, the confusion of the concepts “research and develop- 
ment” and “academic science,” the establishment of substantive 
committees on science and technology in both houses of Congress, 
the expanding role of the White House in science and public 
policy, the urgency for strengthening the system . of education 
and academic science in the United States, all have focused atten- 
tion on the need for further elaboration of public policy on aca- 
demic science, especially with respect to the role of the Federal 
Government and its instrumentalities — the Federal agencies. 

If the goal to “Strengthen Academic Capability of Science 
Throughout The Cotxntry” is to be given meaning, it then is 
incumbent upon the Nation to appraise, on a continuing basis, 
the nature and the needs of academic science. 



V. STUDY CHARACTERISTICS AND CONSTRAINTS 



Ob/ecffves 

This study attempts in a limited way to assemble the perti- 
nent academic institutional data, to develop concepts and hy- 
potheses, and to provide techniques for examining these data in 
terms of a rationale which seeks to elucidate the impact of Fed- 
eral funds on academic science and on higher education. To be 
more specific, the study objectives are to: 

1. assemble meaningful data on the nature and level of Fed- 
eral funds for academic science. 

2. develop a profile of the sources of production of scientific 
and technological manpower of United States universities and 
colleges. 

3. evolve and improve concepts and measuring techniques for 
ascertaining the contributions of academic institutions to scien- 
tific and technological manpower resources. 

4. test a model for the periodic examination of the relation of 
Federal funds to academic science, in particular, and to institu- 
tions of higher education, in general. 

Even with these limited objectives, the constraints on the 
available statistics restrict the extent and scope of this study. 
Nevertheless, data have been assembled and developed which make 
possible analyses of the support of academic science by Federal 
agencies and of the related acthdties of institutions of higher 
learning in the education of scientists and technologists. 



Basic Premises 

The assumption basic to this study is that prior to fiscal year 
1963 Federal funds for academic science (especially funds for 
academic research) were obligated for research, for other activi- 
ties of science, and to scientists on the basis of quality, n*-”dom- 
inantly. (Since this study was undertaken, a number of science 
programming changes have occurred throughout the Federal es- 
tablishment.) This assumption bears on the views expressed by 
the Committee on Science and Public Policy of the National 
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Academy o£ Sciences:’"’ 

The commitment of large public funds for the support of basic research 
in universities has led not only to spectacular growth of the scoj>e of sci- 
entific effort but also to advances in quality: American science has reached 
a position of world leadership. 

Accordingly, the level of scientific support for the universities^^ 
must be assumed to be indicative of the quality of the scientific 
research and can, in rough measure, be related to the quality 
of the science education and hence the scientific quality of an 
institution. These quality inferences, therefore, are drawn from 
the level of Federal funds for academic science. (They pertain to 
the study period under investigation only.) If such assumptions 
and inferences are admissible, then one can invert the process 
of deduction and postulate that the quality institutions engaged 
in science and technology — principally the universities — receive 
the largest share of Federal funds for academic science. 

Academic science and science education although related are 
not synonymous. The effect of Federal funds for academic science 
on science education on the whole has been beneficial and is in 
the nature of a bonus. In fiscal year 1963, Federal funds for 
academic science directed specifically at science education were 
not in large supply, for the bulk of Federal funds obligated were 
fundamentally for research. Therefore, though this study seeks 
to elucidate the educational relationships and influences of Fed- 
eral funds for science, it must be recognized that the impact 
(educational gain or loss) can be examined only indirectly. The 
relationship is a tangential by-product of a larger program whose 
objectives are related but different: the strengthening and ex- 

ploiting of academic research. 

Most academic research funds are obligated and used to reim- 
burse an institution for faculty salaries, postdoctorate associate 
stipends, or graduate assistantships, for the purchase of equip- 
ment and supplies, and for related indirect costs. Academic 
research is an integral part of graduate and advanced science edu- 
cation. When research funds contribute to education, the contri- 
bution is most apt to be at the graduate and professional levels 
rather than at the undergraduate level. The contribution is of 
major significance though its effect may not be directly measured. 

If it is granted that the quality scientific universities are those 
that are the major recipients of Federal funds for academic sci- 
ence, and if it can be shown further that these same institu- 
tions are also the largest producers of scientific and technological 
manpower, especially graduate and advanced degree manpower, 
then the study will have demonstrated another and important 
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contribution o£ Federal support programs for academic science — 
the strengthening o£ training- in the sciences. 

This study undertakes to demonstrate, among other things, 
that some institutions (or groups of institutions) of higher edu- 
cation by virtue of their educational achievement (characterized 
by contributions to higher education, by graduate educat it- 

put and capability, and by contributions to education ir. .ce 

and technology) attract more Federal funds than do others. Fhe 
study further seeks to demonstrate that there is a relatively sim- 
ple relationship between the level of Federal funds attracted by 
an institution and the extent of educational achievement. To over- 
simplify the argument: if funds for research are provided by 

the Federal Government on the basis of merit, then the amount 
of such funds should provide a rough measure of the science 
merit of institutions, and, in turn, such a relationship should be 
reducible to sets of indices and metrics. A case for such indices 
and measures will be proposed. And if such metrics have value, 
it should be possible to detect strengths and weaknesses in the 
educational fabric, and formulate plans and programs to deal 
with problems in the system of science education, particularly at 
the advanced study level. 

These arguments are specifically, but not exclusively, directed to 
a consideration of universities. The liberal arts colleges are not 
treated critically in this study on the same terms. On the whole, 
they are not major producers of research or of advanced de- 
grees in science and technology, although they train significant 
numbers of potential scientists and engineers. Neither are they 
the recipients of large quantities of Federal funds. 

Quality considerations are limited specifically to the assump- 
-tions developed in the preceding discussion, and only to academic 
institutions in the aggregate. No quality reference is implied with 
respect to individual institutions, their faculty, or students. This 
inability to deal with individual quality is recognized as a basic 
weakness of this and all other statistical studies of a similar 
nature. 



The Academic Institution 

The principal sources for qualifying, classifying, or evaluating 
academic institutions are the Office of Education’s Education Di- 
rectory^ and the American Council on Education’s American 
Universities and Colie ges.^^ 

The academic institutions studied consist of 1,063 accredited 
institutions of the United States which granted at least one bac- 
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calaureate in the academic year 1962—1963, with these excep- 
tions: seminaries and theological schools; maritime and military 
academies; specialized professional schools not engaged in scien- 
tific education; business colleges; junior colleges; schools of 
music, art, fashion, design and theater; and industrial and pro- 
prietary institutions. 

Accreditation is an instrument by which state, regional, and 
national organizations — some educational and others substan- 
tive — evaluate and qualify educational institutions. According to 
the Education Directory, institutions qualified by one or more 
accrediting bodies are said to be accredited. Accreditation and 
degree-granting characteristics were employed to qualify and de- 
limit the population of institutions in order to create a man- 
ageable and meaningful group of institutions— meaningful in the 
sense that they contribute or produce something positive to higher 
education for society generally or for science and technology 
specifically. 

A new system of classification of universities and colleges based 
on the education and training of scientists and technologists is 
introduced in this study in contradistinction to the more gen- 
eralized classification method employed by the Office of Educa- 
tion.“ Academic institutions are gxouped into four classes accord- 
ing to the level of scientific and technological education (in the 
academic year 1962 — 1963) . The classification system is based on 
data sources of the Office of Education, the American Medical 
Association,="= and the American Dental Association.”® 



Class A: Institutions of higher learning that awarded at least 
one doctorate in science or engineering, or at least one doctor of 
medicine or dentistry. (The choice of the word class in no way 
implies quality or value.) 



Class B: Institutions that awarded at least one master’s de- 

gree in science or engineering or at least one doctor of vet- 
erinary medicine, but no doctorates in science and technology, 
nor any degrees in medicine or dentistry. 



Class C: Institutions that awarded at least one baccalaureate 
in science or engineering, but neither master’s degrees nor doc- 
torates in science and engineering, nor degrees in medicine, den- 
tistry, or veterinary medicine. 

Class D: Institutions that awarded at least one baccalaureate 
in any field of learning, but no degrees in science and engineer- 
ing, medicine, dental medicine,, veterinary medicine, agpriculture, 
or paramedical subjects. 

Acadernic institutions are also classified according to the con- 
trolling body or responsible governing body — private, public, or 
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denominational. The legal control o£ an institution — not the sup- 
port or affiliation— as reported by each of the institutions, is the 
factor determining an institution’s designation according to the 
Education Directory. Public institutions may be municipal, 
county, district. State, regional, or Federal in control. Private in- 
stitutions are those institutions that are independent of church 
or local. State, and national government, even though there may 
be some affiliation or legal connection. Their legal control is pri- 
vate; their board of trustees is usually a self-perpetuating body. 
Denominational institutions are also private, but their legal con- 
trol is centered in a church or religious group, order, or organiza- 
tion. (Institutions controlled by such organizations as the Friends 
Society or the Young Men’s Christian Association are here 
classified denominational.) There were a number of institutions 
wherein the control was mixed, e.g., Pennsylvania State Univer- 
sity and Howard University. They were classified according to 
their principal source of support — public in both the above in- 
stances. 

In many cases there are notable differences in student body, 
faculty, curricula, level of education, and income between private 
institutions of higher learning and their counterparts, the de- 
nominational institutions. The denominational institutions make 
up about one-half of the degree-accredited academic institution 
population; the vast majority tend to fall within the liberal arts 
college group. An additional large number of the nonaccredited 
degree-granting institutions (those not studied here) also may 
be denominational in control. It is the consensus that _these de- 
nominational institutions as a group now yield limited contribu- 
tions to advanced education and to education in the sciences, but 
they are potential resources for science-education growth in the 
Nation. 

Two additional variant segments of the degree-accredited aca- 
demic institution population also were studied. They are the in- 
stitutions engaged in medical education and those predominantly 
enrolling Negroes. There has been reason to suspect that medical 
education-engaged academic institutions as a group are the great- 
est recipients of Federal funds for academic-^^science and that 
they, in turn, are the highest producers of scientific manpower. 
It has also been suspected that academic institutions enrolling 
Negproes predominantly are at the other end of the spectrum — 
those least involved in academic research (as measured by level 
of Federal funds), and those least involved in advanced educa^ 
tion in the sciences. Accordingly, measuring devices were sought 
to test these hypotheses. 
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A surprisingly puzzling question was: What is an academic 
institution?®’^ The guidelines established in the Office o£ Educa- 
tion’s Education Directory were carefully followed except in cases 
of institution complexes. In such cases the rule followed was to 
preserve the identity of the institution basic subunit especially 
when the subunit was clearly on its own and separately admin- 
istered, c.g., Pomona College of the Claremont Graduate School 
and University Center complex, or the University of California 
at Berkeley of the multiversity system of the University of Cali- 
fornia. If, on the other hand, the complex was still in the forma- 
tive stage, as in the case of the emerging Duluth campus of the 
University of IVTinnesota or that of the AXilwaukee campus of 
the University of Wisconsin, and if the resource data were not 
available or only partially available for the emerging unit, the 
complex was treated as a single entity, e.g., the University of 
Minnesota or the University of Wisconsin. 



The Substance of Academic Science 



The concept academic science adopted here is fundamentally 
that developed in “Sustaining Academic Science, 1965—1975.” 
The substantive aspects include those undertakings in science 
and technology which are part of the curriculum, teaching, or 
study (research) activities of institutions of higher learning. 
Naturally such activities are educationally related. Briefly stated, 
the concept embraces all aspects of science and technology— mathe- 
matics, physical, life, social, and engineering sciences as sup- 
ported by the National Science Foundation,®® and medicine, 
paramedic 'ne, veterinary medicine, dentistry, and agriculture. 

Federal funds for academic science include all those activities 
associated with research, science education and training, science 
information, science development, institutional base grants, and 
contract funds. They do not include those scientific activities 
associated with loans; neither do they include activities associ- 
ated with obligations for plant and construction, nor with funds 
for contract research centers.® Specialized facilities — accelerators, 
oceanogjraphic and space facilities, computers, biotrons, etc.— 
and their bricks and mortar counterpart are included within 
the concept of academic science; graduate and undergraduate 
facilities are not included. The bricks and mortar component of 
specialized facilities is not separated for at best it would have 
been the result of an arbitrary decision of an administrative or 
fiscal office of the supporting agency, and, therefore, such re- 
finement would have added little of value to the study. 
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Federal funds for academic science constitute the direct grant 
or contract obligations of individual Federal agencies in support 
of science to academic institutions or individuals associated with 
academic institutions. Accordingly, all science and technology 
fellowship and training programs and their cost-of-education 
allowance are charged as obligations to the institution hosting 
the fellow or administering the grant. Funds associated with activ- 
ties dealing with upgrading science and mathematics curricu- 
lum and education methodology and technique are included, 
though it is recognized that a number of the curriculum study 
grants®® contracted for with universities and colleges are located 
within particular institutions merely for convenience. But 
since a number of these studies contribute directly to the educa- 
tional life of the grantee institution, the inclusion of these data 
are considered to be more, rather than less, proper. Financially, 
the total is not very large, so that at those institutions where 
the study is located for administrative convenience, the discrep- 
ancy is not too distressing. 

All the activities of science and technology included within 
the boundaries of academic science as defined in this study prob- 
ably contribute to the advancement of academic science and 
technology. The definitions of “basic” science and engineering 
imposed by the grant support characteristics of the National 
Science Foundation®® and the addition of medicine, paramedi- 
cine, dentistry, veterinary medicine, and agriculture create a suf- 
ficiently broad umbrella to cover just about every area and 
activity of science and technology associated with academic in- 
stitutions. 

The largest single portion of Federal funds for academic sci- 
ence comes from the U.S. Public Health Service, and a signifi- 
cant amouitt comes from the U.S. Department of Agriculture. 
In this study, medicine, paramedicine, dentistry, veterinary med- 
icine, and agriculture are included as a part of the life sciences 
just as engineering is included as part of the physical sciences. 
The financial contributions made to these activities are exam- 
ined as are the related manpower characteristics — the scientists 
and technologists, doctors of medicine, paramedical specialists, 
veterinarians, dentists, and agriculturists. 

Funding Characteristics 

The fiscal data®® assembled are principally of two types— aca- 
demic science support by Federal agency — that is by Federal 
source; and academic institution — educational and general — - 
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income (EGI) by individual college and university — that is by 
academic user or performer. Federal fundc for academic science 
(FFAS) data for the fiscal year 1963 are reported by support 
agency and by class and control of individual universities and 
colleges (Xable A~l) . The educational and general income,” 
which is exclusive of all grant-contract research funds, is for the 
academic year 1962—1963, and is used here as the insdtution’s 
education expenditure— the academic budget— for the year (Ta- 
bles A— 1, A— 2) . 

The educational and general income is the university and 
college income reported or received during the year under study 
and used specifically by an institution for educational purposes. 
It includes all income derived from investments, as well as 
direct municipal. State, or Federal “ appropriations to that insti- 
tution for educational purposes; it includes student fees and 
gifts or appropriations for' capital purposes and/or operational 
purposes. It excludes grant-contract research (science) funds, 
auxiliary income (income from sales, student rental fees, etc.) , 
student aid, and income specifically earmarked for endowment. 

The educational and general income, when added to Federal 
funds for academic science, serves as a measure of an institution’s 
financial resources for research and education (total institutu- 
tional income) . 

Federal funds are used as a measure* of an institution’s total 
contribution to research, in lieu of the grant-contract research 
(science) funds requirement.” Fortunately, non-Federal grant- 
contract research funds and Federal funds for education in the 
year steadied are sufficiently sparse so as to give meaning to the 
substitution. 

The source of the educational and general income statistics 
in all but a few cases was the 9tii edition of American Colleges 
and Universities.^^ In a number of cases ihese data were not 
available. In Class A institutions where EGI data were not avail- 
able, the information was obtained directly from the institution. 
In the other classes— B, C, and D— EGI estimates of some 25 
institutions were made, based on enrollment data. In each case, 
where estimates were made, they are so indicated (Tables A-1 
and A— 2) . Analyses based on estimates were considered prefer- 
able to the exclusion of any institutions from the study. 

Construction funds, in the sense of bricks and mortar, where 
identifiable (graduate and undergraduate facilities) , are ex- 
cluded so as to avoid the statistical perturbations caused by non- 
recurring obligations dealing with Federal funds for academic 
science. All identifiable contract research center data also were 
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excluded from the study, though it was recognized that some 
components of contract research centers and others in their 
entirety*’^ contribute to the education process. The decision 
taken to eliminate such data was based on the fact that the 
principal objective of most of the contract centers is to meet the 
special needs of the Federal agency providing the support, hence 
their contributions to science education are generally peripheral. 
Extracting the pertinent educational component of Federal 
funds from the research centers associated with educational insti- 
tutions would have been almost impossible. On the other hand, 
contract centers are so few and usually so large that their educa- 
tional impact can be ascertained, if needed, by individual case 
study. 

Federal funds data were procured principally from the annual 
reports of Federal agencies, ”nd, in a few instances, from special 
reports prepared for the Congress or directly from other official 
sources of pertinent Federal agencies. 

The obligations ascribed to the Department of Defense (DOD) 
are incomplete.^*^ The DOD reports depended upon, stated 
that the compilation contained “awards of $10,000 or more to 
U.S. institutions.” The missing elements probably do not affect 
appreciably the DOD and Federal funds total. The missing parts, 
however, may distort those analyses which deal with the Federal 
support to the less affluent institutions, and, as a consequence, 
may not adequately reflect the Defense Department’s contribu- 
tion to the liberal arts colleges and to the smaller institutions 
of higher education. 

Recently the U.S. Office of Education (USOE) has become a 
.ugnificant factor in tlie support of higher education. Unfortu- 
nately the data assembled here reflect only the beginning of the 
USOE expansion period; they, accordingly, should be consid- 
ered only with these limitations in mind. 

Thirteen Federal agencies reported programs in support of 
academic science in fiscal year 1963. The major support agencies 
were the Department of Defense (DOD) , the National Aeronau- 
tics and Space Administration (NASA) , the Atomic Energy 
Commission (AEG) , the U.S. Public Health Service (USPHS) , 
the National Science Foundation (NSF) , the Office of Educa- 
tion (USQE) , and the Department of Agriculture (USDA) . The 
other six agencies which provided lesser support for academic 
science are classified as “Other.” They were the Departments 
of Interior, Commerce, Labor, and State, the Tennessee VaUey 
Authority, and Veterans Administration. 
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Manpower Characteristics 



The manpower input and productivity®® measures most relied 
upon to weigh the size of an institution and its participat^n in 
and/or contribution to higher education in general, and science 
education in particular, are the well-established statistics devel- 
oped by the Office of Education for the academic year 1962—1963. 
They deal with total enrollment,®® graduate enrollment,®^ and 
numbers of degrees granted in science and engineering and in 
veterinary medicine.®'* These manpower statistics are augmented 
by those for doctors . of medicine made available by the Ameri- 
can Medical Association,*® and those for the doctors of dentistry 
based on studies of the American Dental Association.*® 

Faculty statistics, which exist in quite some detail for some 
institutions, especially universities, would have been most help- 
ful in ascertaining quality in education. A measure of the ratio 
of the number of students to faculty might also have been in- 
formative. Unfortunately, a significant part of the data avail- 
able is much too unreliable. There is both a lack of definitional 
uniformity and inadequate coverage of the institution universe. 
Postdoctoral data would also have contributed to the considera- 
tion of quality in science education. Such data as exist are inade- 
quate. The fact of the matter is that statistics in this area will 
become available only when there is agreement on what consti- 
tutes a postdoctoral associate. There is no doubt that high 
concentrations of postdoctoral associates are characteristic of 
those institutions at the cutting edge or frontier of scientific 
inquiry. Accordingly, the statistic could be of value in quality 
determinations. 

Dealing with more than 1,000 institutions, which are categor- 
izable into four classes and three legal entities, makes tabulation 
comparisons for quality or quantity ah exercise in futility. In 
spite of thi% i^he need to know an institution’s total output in 
education and how it allocates its own educational resources is 
fundamental to any appraisal of the educational establishment. 
How it divides its energies and efforts between undergraduate 
and graduate activities and between science and technology and 
other academic activities is basic and essential to the pursuit of 
this study. This need far outweighed the disadvantages. Accord- 
ingly, a metric was introduced— a. standard for measuring man- 
power productivity at all levels of science education. 

In order to put together such a metric, a scale was required 
for computing the institution’s total ouput or its total produc- 
tivity in science and technology— the reduction of all degrees in 
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science and technology into a unit system based on a common 
denominator. The most logical base for expressing science and 
technology manpower productivity is, of course, the bachelor’s 
degree in science and engineering. Accordingly, a weighted sys- 
tem of reducing all degrees awarded in science and technology 
in terms of the bachelor’s degree in science and engineering 
was instituted.®® 

The scale adopted— the science and technology degree produc- 
tivity unit (S&T DP) —refers to the baccalaureate degree in 
science and engineering as the base. This bachelor’s degree was 
assigned the base value of one. The final numerical assignments, 
accordingly, are 2.2 S&T DP units for the doctor of veterinary 
medicine, 2.5 for the master’s degree in science and technology. 
4.0 for the doctor of medicine and the doctor of dentistry, and 
4.5 for the doctor of science and engineering. > 

Comparative Measures (Indices) of Institutional 
Productivity and Federal Influence 



To place the academic institution in proper perspective with 
respect to productivity in higher education, with , particular ref- 
erence to the sciences, requires an appraisal of its contributions 
to the national specialized manpower pool. Absolute data on 
size, productivity, and affluence only partly satisfy the require- 
ments for such an appraisal, for they give .no clear measure of 
an institution’s relative, (comparative) position in the academic- 
scientific community. In order to compare the resource utiliza- 
tion and productivity characteristics of one institution to those 
of another, and in order to consider their comparatiye contribu- 
tions and potential, yardsticks are required in the form of 
ratios and/or indices. Only in a comparative sense will it be 
possible to give meaning to an institution’s contribution to the 
Nation’s trained manpower pool, especially to the graduate 
and advanced levels of science and technology. 

The most obvious and simplest measurement to derive is an 
index that measures an institution’s comparative contribution 
in graduate education. To fulfill this requiremeht it is just' hec- 
essary to construct a ratio that includes the terins denoting 
gradute and total enrollment. 

Re, the graduate education index,®” is, accordingly, a measure 
of an ; institution’s comparative contribution or the extent, to 
which it contributes or participates in graduate education , in 
comparison to its total educational potential. It is defined as the 
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ratio of graduate student enrollment (GE) to total enrollment 
(TE) ; Re = GE/TE. 

There is also a need to know to what extent an institution 
contributes or participates in science education. A meaningful 
index can be constructed that relates total productivity (quan- 
tity) in science education to total enrollment (potential) . Again 
total enrollment is used as a measure of an institution’s total 
educational capability. The weighted productivity measure of 
education in the sciences (S&T DP) appears to satisfy the man- 
power output requirement in science and technology, for it is 
an integrated expression of the various levels of degrees 
granted in the sciences. 

Rj, the science education index, is, accordingly, a measure 
of an institution’s comparative contribution (the allocation of 
educational resources) to education in the sciences. It is defined 
as the ratio of an institution’s total educational output in science 
and technology education (S&T DP) to its total educational 
potential in terms of enrollment (TE) ; R.y= (S&T DP) /TE. 

With respect to a measurement of the impact or influence of 
Federal' funds on the academic institution, tw'o alternatives exist. 
One is a comparison of Federal funds to total institution obliga- 
tions or income, and the other is a comparison of Federal funds 
to an institution’s productivity in science and technology. 

As with the derivation of Re, so with the derivation of an 
expression that measures impact in terms of monies. An expres- 
sion embodying both total institutional income (EGI '+ FFAS) 
and Federal impact (FFAS) seems to contain the basic ingredients 
that satisfy the requirements for ascertaining the force of the 
Federal impact on the totality of institution fiscal obligations or 
contributions to higher education. 

R/e, the impact index (total income) “ is, accordingly, a 
measure of the impact or relative weight of Federal funds in 
terms of an institution’s total income according to the following 
ratio: Federal funds for academic science (FFAS) to the insti- 
tution’s income (EGI + FFAS) ; R/^ = FFAS/ (EGI + FFAS) . 

The constraints inherent in the expression R/e (the expres- 
sion EGI + FFAS in the true sense is not a measure of insti- 
tion size or its intellectual contribution or participation in 
higher education) encourage the exploration of other compara- 
tive systems of measuring the influence of Federal funds on the 
academic institution. Unfortunately, the only other index pos- 
sible at this time is the one that is based on an institution’s 
total educational contribution in science and technology. An 
expression that contains the terms Federal funds and educa- 



ERIC 



36 



46 



tional output in science and technology can be fashioned. Fed- 
eral funds, as with the index R 5 , again is made to serve as one 
leg of the expression. The science and technology degree pro- 
ductivity unit (S&T DP) appears to satisfy the requirement for 
the institution’s output in science education. 

R/d, the other impact index (science education) is, accord- 
ingly, a measure of Federal impact or contributions to the insti- 
tution’s educational productivity in science and technology. It 
is defined as the ratio of Federal funds (FFAS) to the academic 
institution’s educational productivity (output) in science and 
technology (S&T DP) ; Kfd = FFAS/ (S&T DP) . 

The constraints inherent in the R indices (see Footnotes 39 
to 43) are elaborated to show that there is an element of soft- 
ness in the measures proposed, and also to focus attention on 
the constraints themselves. The intent is to encourage further 
sharpening of definitions and concepts and the attainment of 
fuller coverage of educational and research funding statistics. 
It is even now possible to sharpen the R indices, especially Re 
and Rs. Re can be modified to reflect more precisely both the 
total number of students enrolled and those enrolled in gradu- 
ate study. Full-time student or full-time-equivalent statistics can 
be substituted. Rs can be retained as is, or modified to reflect 
more precisely the institution’.^ contributions to graduate educa- 
ti->n in the sciences. By introducing more precise values for cost 
of education into the derivation of S&T DP, it and the derived 
Rs and R/c can be sharpened to become more meaningful and 
representative of the resources and forces being quantified. 

These measuring devices can be made more specific and pre- 
cise, and others can be fashioned but only if the base of the 
data bank is broadened and if more reliability is built into 'ihe 
academic science and higher education statistics. 
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VI. THE ACADEMIC INSTITUTION AND ITS RESOURCES 



The Universe of Higher Education 

The system o£ higher education in the United States in the 
academic year 1962—1963 consisted of 2,136 institutions, divided 
into 1,442 degree-granting and 694 junior colleges (Table 1) . 
This system enrolled 4.4 million students, of whom 375,000 were 
committed to graduate studies. In the same academic- year the 
system produced 134,000 graduates with bachelor’s degrees, 
27,000 with master’s degrees, and 7,970 with doctorates in sci- 
ence and engineering (Table 2) . It also produced 820 veterinar- 
ians, 3,180 dentists, and 7,270 doctors of medicine. 

The 1,442 degree-granting institutions further subdivided into 
1,257 accredited and 185 nonaccredited institutions.- Of the 1,257 
accredited degree-granting institutions, 1,063 constituted the 
academic institution population selected for this study. 

The study population of 1,063 institutions included 50 per- 
cent of all the institutions of higher learning and 74 percent 
of the degree-granting institutions in the United States. This 
study group enrolled 3.4 million degree-registered students in 
academic year 1962-1963 (Table 1) , excluding correspondence 
students, and 370,000 in graduate studies— 78 percent of the stu- 
dents enrolled in higher education, 96 percent of those in accred- 
ited degree-granting institutions, and 99 percent of all the 
graduate students enrolled. These same institutions accounted 
for 99 percent of all the bachelor’s and master’s degrees awarded 
in science and engineering in the year studied (Table 2) , and 
practically all the doctorates. They further accounted for all 
the veterinarian and dental degrees awarded, and 95 percent 
of all the degrees in medicine. 

Only 1,866 bachelor s (1.5 percent) and 267 master’s degrees 
(1.0 percent) granted in science and engineering in the aca- 
demic year studied were excluded. The individuals represented 
by these degrees were principally the graduates of proprietary 
and military institutions, such as the General Motors Institute, 
the U.S. Military Academy or the U.S. Naval Postgraduate 
School. Since these institutions are fiscally self-sufficient, their 
educational product in no way effects the study objectives. 



Table l.—Enrollmenf and Degrees Granted by All U.S. Institutions of 
Higher Education in Academic Year 1962—1963 





Number of 
Institutions 


Enrollment 


Total 


Graduate 

Degrees 


All Institutions of Higher Education . . . 


2,136 


4,400,030 


375,118 


Degree-Granting 


1,442 


3,585,110 


375,118 


Accredited, included in study 


1,063 


3,425,456 


369,964 


Accredited, excluded from study 


194 


83,213 


4,506 


Nonaccredited, excluded from study 


185 


76,441 


648 


Noii-Degree-G ran ting (excluded from study) . 


694 


815,190 


0 


Accredited 


410 


,, , 





Nonaccredited 


284 







PERCENT 



Degree- G ran ting-;-Percent of all 








Higher Education 


67.5 


81.5 


100.0 


Accredited, included in study: 








Percent of degree-granting 


73.7 


95.6 


98.6 


Percent of all higher education 


49.7 


77.8 


98.6 


Accredited, excluded from study: 








Percent of degree-granting 


13.5 


2.3 


1.2 


Percent of all higher education ......... 


'■1 


1.9 


1.2 


Nonaccredited, excluded from study: 








Percent of degree-granting 


12.8 


2.1 


0.2 


Percent of all higher education 


8.7 


1.7 


0.2 


Non-Degree-Granting (excluded from study) . . 


32.5 


18.5 


0 


Accredited-Percent of non -degree-granting . 


59.1 


— 




Nonaccredited— Percent of non -degree - 








granting 


40.9 
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Table 2.— Total Degrees Granted in Science and Technology in the 
United States in Academic Year 1 962^^1 963 





BA 


MA 


PhD 


DVM 


MD 


DDS 


Accredited institutions 














included in study 


132-436 


26,761 


7,963 


823 


6,873 


3,181 


Percent of total . . . . 


98.6 


99.0 


100.0 


100.0 


94.6 


100,0 


Accredited institutions 














excluded from study . . . . 


1,866 


267 


2 


0 


392 


0 


Percent of total . . . . 


13 


1.0 


0 


0 


5.4 


0 


Nonaccredited institutions 














excluded from study . . . . 


63 


0 


0 


0 


0 


0 


Percent of total . . . . 


0.1 


0 


0 


0 


0 


0 


Total 


134,365 


27,028 


7.965 


823 


7565 


3.181 



A Profile of the Degree-Accredited Institutions 

The study population is made up of 169 Class A institutions, 
197 Class B, 651 Class C, and 46 Class D (Table 3) . With re- 
spect to legal control, the population consists of 229 private, 
354 public, and 480 denominational institutions. 

Class C institutions are the most numerous. They make up 

61.3 percent of the population of accredited degree-granting 
institutions. Class B, the next most numerous, accounted for 18.5 
percent; Class A, 15.9 percent; and Class D, the smallest group, 

4.3 percent. Class D institutions by definition are those institu- 
tions granting no degrees in science or technology. 

The Class A institutions enrolled the bulk of the Nation’s 
degree-registered students. They accounted for 1.7 million stu- 
dents— 49.7 percent of all the students in the study population. 
Class A institutions also enrolled the bulk of the graduate stu- 
dent population; they accounted for 264,000—71.3 percent of 
all the graduate students. 

Class A institutions are by far the largest institutions; their 
average enrollment is 10; 100 students. They are also the largest 
in terms of average graduate enrollment (1,600 graduate 
students) . 

Class A institutions further participate to the highest degree 
in graduate education! The Re value (graduate education in- 
dex) for Class A institutions is 0.155. Class C institutions, a.s is 
to be expected, contributed the least in graduate education— Re 
is 0.027. 
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Denominationally controlled, accredited, degree-granting in- 
stitutions are the most numerous. These institutions n’jmber 
480, and they constitute 45.2 percent of the study group. Pri- 
vately controlled institutions are the least numerous; they make 
up 21.5 percent of the total studied. 

The publicly controlled institutions enrolled the largest pro- 
portion of the degree-regis'.ered student body — 2.1 million stu- 
dents, 60.1 percent of the total student study population. The 
remaining 40 percent of the student study group is about 
equally divided— 19.3 percent were enrolled at denominational 
and 20.6 percent at private institutions. 

Publicly controlled institutions also enrolled most of the grad- 
uate student population — 216,000 (58.3 percent) . The denomi- 
nationally controlled institutions, on the other hand, enrolled 
only 10.6 percent of the total graduate population. 

With respect to size, as measured by total enrollment, the 
publicly controlled institutions stand first. On the average they 
enrolled about 5,800 students per institution, about twice the 
number enrolled by the average private institution (3,100) and 
more than four times the number enrolled by the average de- 
nominational institution (1,400) . The public institutions also 
are largest when measured in terms of graduate enrollment. 
But here the difference between private institutions and public 
is not as large as is the case with total enrollment. Public imti- 
tutions average about 600 graduate students per institution, 
while privately controlled institutions average about 500. The 
denominational institutions average about 80 graduate students 
per institution. 

Public institutions contribute most to the Nation s graduate 
student pool (58.3 percent) . Private institutions, however, had 
the largest proportion of students enrolled in graduate educa- 
tion (Re = 0.162) . The denominational institutions fall far 
behind both— 10.6 percent of the Nation’s graduate pool and a 
rather small effort in graduate education (Re = 0.059) . 

Class A institutions accounted for 74. 5 percent of the Nations 
total educational productivity in science and , technology in the 
academic year 1962-1963-207,000 S&T DP tmits. Class B and 
C institutions accounted for 14.1 percent aiid 11.4 percent, re- 
spectively. Class D institutions by definition| are noncontributors 
to the science and technology degree pool. j 

Class A institutions awarded 54.0 percent of all the bache- 
lor’s degrees, 85.6 percent of the master’s degrees, and all the 
doctorates in science and engineering. They also granted all the 
doctor of medicine degrees in the study population, all those 
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in dentistry, and 99 percent of the degrees in veterinary medi- 
cine. Class B institutions awarded 22.1 percent of the bachelor’s 
and 14.4 percent of the master’s degrees in the sciences. Class C 
institutions, as per definition, awarded only baccalaureates in 
science and engineering— 23.9 percent. 

Class A institutions contributed more of their ' ^n educa- 
tional effort to science and technology than did any other class 
of institution. The Ry value (science education index) for Class 
A institutions is 0.121; for Class B, 0.044; and for Class C, 0.039. 

Public institutions were the major contributors to the Nation’s 
educational pool in science and technology (158,000 S&T DP 
units, 57.0 percent of the total) in academic year 1962—1963. 
Private institutions contributed about one-hklf this effort— i.3.9 
percent — and the denominational institutions, the least— 14.1 
percent. 

Public institutions awarded the bulk of the bachelor’s degrees 
in science and engineering in the year studied, 55.8 percent; of 
the master’s degrees, 61.0 percent; and of the doctorates, 58.9 
percent. Public institutions also graduated 87.0 percent of the 
veterinarians, 53.5 percent of the doctors of medicine, and 48.2 
percent of the doctors of dentistry. Although denominational 
institutions are the most numerous (480) , they contributed the 
least to education in the sciences. They accounted for only 14.1 
percent of the degree units produced in science education. Their 
contribution to graduate education in science Mnd engineering 
was also the lowest; they accounted for 3.2 percent of the doc- 
torates in science and engineering. The Ry value for denomi- 
national institutions (0.059) is also quite low when compared 
to a Ry of 0.113 for private, and 0.0V7 for pul;lic institutions. 

Class A public institutions appear to carry the brunt of the 
Nation’s load in higher education; they also carry the heaviest 
load in education in the sciences (Tables C— 1, C-2) . Class A 
public institutions enrolled 33 percent of all the degree-regis- 
tered students and 38.9 percent of all the enrolled graduate 
students. They accounted for 45.8 percent of all the science and 
technology degree units (S&T DP) produced in the year studied. 
They awarded 36.8 percent of the bachelor’s degrees in science 
and engineering, 52.1 percent of the master’s, and 58.9 percent 
of the doctorates. They also accounted for 87 percent of the 
veterinarians trained, 53.5 percent of the doctois of medicine, 
and 48.2 percent of the doctors of dentistry. 

But it is the Class A private institution that scored highest in 
the graduate education index— Re = 0.236. This same type of 
institution was also the largest participant in education in the. 
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sciences as demonstrated by a science education index (Ri) of 
0.154. These two values can be interpreted to mean that of the 
Nation’s institutions of higher learning. Class A private insti- 
tutions are the most highly committed (in terms of their total 
educational potential) to graduate education and to education 
in science and technology. 

Class B, C, and D institutions totaled 894: they make up 
about 85 percent of the degree-accredited institutions. They 
were, for the most part, not as deeply involved in science educa- 
tion as were the Class A institutions. They enrolled 50 percent 
of the total degree-listed students but accounted for only about 
25 percent of the total S&T DP units. They did, however, con- 
tribute 46 percent of the bachelors in science and engineering. 

The Ri value (science education index) of 0.026 for Class C 
public institutions is the lowest of all institution types studied, 
indicating a low order of association with science education. 



The Economics of Higher Education 

There were 19 institutions that reported academic budgets 
in excess of $40 million (Table 4) . These 19 institutions en- 
rolled 13.0 percent of all degree-registered students in the study 
population and 24.8 percent of the students enrolled in gradu- 
ate training. They also accounted for 24.1 percent of the educa- 
tional productivity in science and technology (67,000 S&T DP 
units) . They budgeted 23.9 percent of all the funds committed 
to higher education (educational and general income) . 

There were 179 academic institutions — 17 percent of the study 
populationj^with budgets in excess of $5 million. These insti- 
tutions accounted for $3.13 billion or 72 percent of the total 
academic income. They enrolled 60 percent of the total student 
body and 8 1 percent of the graduate population. They accounted 
for 78 percent of the Nation’s educational contribution to sci- 
ence and technology (215,000 S&T DP units) for the year stud- 
ied. They awarded 62 percent of the bachelor’s degrees in sci- 
ence and engineering, 89 percent of the master’s, and 98 percent 
of all the doctorates. 

The remaining 884 institutions, those with academic budgets 
of less than $5 million, comprise 83 percent of the institution 
study population. They enrolled 40 percent of the total student 
body, but only 19 percent of the graduate population. They 
accounted for 28 percent of the total academic budget, and they 
produced 38 percent of the bachelors in science and engineering. 
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Number 


1,063 

100.0 

19 

1.8 

28 

2.6 

52 

4S 

80 

13 

469 

442 

415 

39.0 


Level of Educational and 
General Income (EGl) 


Total 

Average 
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Above $40 Million 

Average 
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.$20-$40 Million 
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For a better understanding of the economics of higher edu- 
cation the academic budget was examined in terms of three meas- 
ures of institutional concern with higher education — total enroll- 
ment (Figure 1), graduate enrollment (Figure 2), and science 
education (Figure 3) . The scatter diagrams are representative 
of the Class A institutions only (169) , and so are the least squares 
regression lines; die class interval points represent the means 
of the 1,063 universities and colleges (Table 4) . These averages 
are rank ordered by the educational and general income. (A 
few of the individual institution points at the upper levels of 
funding were not included for graphic-representational reasons.) 

The correlation coefficient for the relationship total enroll- 
ment to the academic budget — TE = 3400 -1- 390 (EGl in mil- 
lions) —is 0.79. Sixty-three percent of the variations in the total 
enrollment data for Class A institutions can be accounted for 
by this expression. 

The correlation coefficient for the relationship graduate 
enrollment to the academic budget— GE =200 -1- 80 (EGI in 
millions)— is 0.75. Fifty-six percent of the variation in graduate 
enrollment for Class A institutions can be accounted for by the 
expression above. 

The correlation coefficient for the relationship education pro- 
ductivity in the sciences to the academic budget— S&T DP = 
210 -4- 60 (EGI in millions) —is estimated to be 0.90. Eighty 

Figure 1. — T/ie RBlationship of Total Enrollment to the Educational and 
General Income for Class A Institutions 
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Figure 2. — The Relationship of Graduate Enrollment to the Educctional 
and General Income for Class A Instituflons 




percent of the variations in degree productivity units for Class 
A institutions can be accounted for by the S&T DP expression. 

Although each of the correlation coefficients are within ac- 
ceptable limits, the S&T DP-EGI relationship shows up best. 
The class interval data means for the total population of uni- 
versities and colleges on the whole seem to fit the regression lines 
for each of the projections very nicely, except in the case of 
Figure 1. An exponential curve could be drawn through the 
class interval data for the total enrollment-academic budget 
relationship. 

It is obvious that there is considerable scatter for the indi- 
vidual Class A institution points plotted for each of the three 
figures, especially for those points at the upper levels of the 
academic budget. But this is not unexpected, for the universi- 
ties represented by these points are among the most highly indi- 
vidualistic academic institutions of the Nation, if not in the 
world. To complicate matters further, the Class A population 
of universities studied is composed of three distinct groups— 
public, private, and denominational-each with unique charac- 
teristics of its own, varying widely in their association with un- 
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Figure T/ie Reitttionship of Science and Technology Degree 
Productivity to the Educational and General Income for 
Class A Institutions 




dergraduate, graduate, and science education and scientific re- 
search. The total enrollment data also complicate matters 
because o£ the inclusion of the^ part-time element, and to make 
matters still worse, the educational and general income data 
are not always compatible with expenditure. It is truly remark- 
able that the correlations turned out as well as they did. It is 
also not surprising that the correlation coefficient for the degree 
productivity unit relationship to the academic budget turned 
out better than the others. The S&T DP metric was introduced 
in the hope of establishing an integrated measure, at least indic- 
ative o£ total educational productivity in the sciences. 

No inference is intended that the institutional budget is in- 
fluenced primarily by any one or all three variables investigated. 
An educational institution’s business is much too complex for 
such simple deductions. However, the interpretation can be 
made that the relationships showing the highest correlations 
may be more reflective of the principal business of an academic 
institution, and consequently may serve as a measure of its level 
and degree of commitment to education or its economic needs. 
The data plotted in Figure 1 leave it unclear whether the EGI- 
TE relationship is exponential or linear. However, this is not 
the place to argue this ix)int, since both EGI and TE data 
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contain elements of uncertainty. At any rate, all three relation- 
ships relating the academic budget to enrollment characteristics 
and educational productivity are sufficiently interesting to war- 
rant further study of these and related phenomena. 

In seeking a further understanding of the relationship be- 
tween the academic budget and the enrollment characteristics of 
institutions of higher education, it was logical to probe into the 
relationships between Re, the graduate index, and the educa- 
tional and general budget (EGI) . The result is the exponential 
relationship depicted in Figure 4. The plot is a slightly smoothed 
representation of the class interval means of the 1,063 univer- 
sities and colleges ranked by EGI (Table 4) . The curve has a 
relatively sharp change in slope at the Re values between 0.10 
and 0.15, and EGI values between $7 and $20 million. This 
unorthodox plof“ indicates that there appears to be a level in 
institutional enrollment characteristics, wherein the institution’s 
funding behavior changes markedly. The level of maximum 
rate of change in slope for Figure 4 falls somewhere below the 
100th institution rank-ordered by the academic budget, well 
within the Class A group of institutions — those clearly associ- 
ated with graduate and professional education. 

Two conclusions may be dra'tvn from this plot: (1) that the 

funding-educational dynamics of the first 100 institutions 
(ranked by size, budget, graduate program, etc.) are quite dif- 
ferent from the other 1,000, and (2) that total enrollment is 
not the principal force or the only measure in education dy- 
namics determinative of fiscal requirements. There is the likeli- 
hood that estimates based on total enrollment data may even 
yield erroneous answers if used to ascertain the fiscal needs of 
institutions heavily committed to graduate and advanced educa- 
tion. The evidence makes it appear more than likely that, at 
some value level in Re — the graduate index — it is the graduate 
phase of higher education that is principally determinative of 
education budg^et policy; that at some critical level in an insti- 
tution’s evolution (from emphasis bn underg^raduate education 
to increasing identity with graduate studies) , it faces a radical 
and major policy change in fiscal practices. Certainly the evidence 
in Figure 4 militates against the use of total enrollment as a 
measure or as the principal factor in setting budget p>olicy of 
the larger more affluent institutions. 

If the evidence submitted (Figures 1, 2, 3, 4) and the chain 
of reasoning developed is admissible, one may tentatively make 
further interpretations. For it appears that once institutions 
embark on programs of advanced education they seem to re- 
quire about $12 million in educational and general income for 
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every 1 000 graduate students enrolled. This relationship seems 

o£ the size o£ the total 

critical enrollment level. One can go one step fur^er 
lating that institutions engaged m science education ^PP 
require about $17 million in the educational and genei^ in- 
come for every 1,000 S&T DP units committ^ to eduction in 
the sciences. Neither of these figures is to be int^preted s^ictly 
of course. The educational and general income is a function ot 
a number of institutional activities other th^ graduate educ- 
tion and education in the sciences. But as a first approicima i 
to an understanding of educational dynamics and 
these numbers do give one an order of 

of thumb with respect to the requurements and the costs ot 
graduate education and education in science and techno ogy. 

It appears that the fiscal behavior of colleges and univemities 
is size dependent. However, at the more advanced levels of 
higher education, it seems that graduate, profession^, and sci- 
ence education are the more likely determinants of the academic 

Figure 4.— The Relettionskip of the Educational and 
General Income for Universities and Colleges 
to the Graduate Education Index (R^) 
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budget. It also appears that the universities (Class A institu- 
tions) are the major producers of trained manpower, especially 
at the professionzd and graduate levels, and that it is these 
same institutions that train the bulk of the Nation’s scientists 
and technologists, especially at the graduate and professional 
degree levels. (Class A institutions are expected to dominate 
the educational picture with respect to the award of doctorates 
in science and engineering, the doctor of medicine, and the doc- 
tor of dentistry because of definitional constraints.) It further 
appears that the universities are the major generators and users 
of academic funds. A fairly direct relationship seems to exist be- 
tween academic funding and institutional contribution to sci- 
ence education, and between funding and institutional effort in 
graduate education. 
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VII. PATTERNS OF FEDERAL FUNDS FOR ACADEMIC 

SCIENCE 



Distribution by Agency 

Xhirteen Federal agencies obligated $1.10 billion for academic 
science in fiscal year 1963 (Tables 5 and 6, A—l, A— 2, C— 3) . They 
were the U-S- Public Health Service — $500 million (45.4 per- 
cent) ; the National Science Foundation — $227 million (20,7 per- 
cent) ; The Department of Defense — $199 million (18.1 percent) ; 
the Atomic Energy Commission — $62 million (5.7 percent) ; the 
National Aeronautics and Space Administration — $42 million 
(3-8 percent) ; the U.S. Department of Agriculture — $42 million 
(3-8 percent) ; the U.S- Office of Education — $20 million (1,8 
percent) ; and six “Others'' — $7 million (0.7 percent) . 

The data can be considered to be feirly reliable (Table C— 4) 
The reported total for Federal funds for academic science is 
about 17 percent higher than the total reported for Federal 
funds for research and development to colleges and universi- 
ties prpper. This difference is about right, for about 20 percent 
of Federal funds for academic science are for the science edu- 
cation component- 

To put this study in proper persp>ective, <tnd to provide a 
point of reference, the following statistics dealing with Federal 
support are noted. In fiscal year 1963, the total Federal research 
and development budget for colleges and universities proper 
was $850 million. In the same year, total Federal obligations 
for research and development to colleges and universities (in- 
cluding contract research centers) came to $1,500 million. Fed- 
eral obligations for total research and development totalled 
$12,500 million and the total Federal budget (net) $94,700 mil- 
lion- In fi<y^l year 1963 Federal funds for academic science obli- 
gations amoimted to about 9 percent of the total research and 
development budget and 1-2 percent of the total Federal budget. 

The obligated $1.10 billion in Federal funds for academic 
science went to 711 institutions out of a population of 1,063 
accredited, degree-granting universiti^ and colleges in the 
United States. These 711 institutions received a totai of $5-15 
billion (EGI -h FFAS) in the same year, comprised of $4.05 
billion in educational and general income and $1-10 billion in 



FederaJ funds for academic science. Federal funds for academic 
science contributed 21-4 percent (R/e) to the total research 
and education budget of the 711 institutions in the study popu- 
lation receiving Federal funds. 

The United States Public Health Service contributed $500 
million or 45.4 percent of the total Federal support to academic 
science in fiscal year 1963. The U.S. Public Health Service 
ranked first among the Federal agencies supporting academic 
science. Its support was approximately twice the size of the next 
highest contributor to academic science — the National Science 
Foundation. The Foundation contributed $227 million, 20.7 per- 
cent of the total- The Department of Defense followed with 
$199 million, 18.1 percent. These three agencies contributed 84.2 
percent of the total — $926 million; ten others contributed 15.8 
percent. 



Federal Funds by Institution Class and Control 

In fiscal year 1963 $1.05 billion was obligated to 169 Class A 
institutions (Tables 5, C— 3) . These institutions received 95.1 
percent of the total Federal academic science funds; 46.6 percent 
of this came from the U.S. Public Health Service. The National 
Science Foundation and Department 'of Defense followed with 

18.8 and 18.4 percent respectively. The three-agency total equaled 

83.8 percent of the $1.05 billion obligated to Class A institutions. 
Class B institutions, numbering 197, received $37 million or 

3.4 percent of the total; 53.5 percent came from the NSF. The 
USPHS contributed 21.5 percent, the DOD 15.6 percent. The 
remaining 9.4 percent was distributed among the other ten 
agencies. 

Class C institutions, numbering 651, received $16 million or 
1-5 percent of the total. The NSF contributed the bulk of the 
Federal support to this class— 70.2 percent; the USPHS confrib- 
uted 20.4 percent. 

Private institutions, numbering 229, received $485 million in 
Federal funds for academic science. This group accounted for 
44.1 percent of the total. They received their principal support 
from the USPHS, which accounted for $222 million or 45.9 per- 
cent of the funds obligated to this private group of institutions. 
The Department of Deferise contributed the next largest^ amount, 

22.8 percent; it was followed by the NSF with an additional 

18.8 percent. 

Public institutions, numbering 354, receivrf $547 million in 
FFAS; they accounted for 49.8 percent of the total. They also 
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Table 5.-federaf Funds for Aeadentle Science by Agency, by Class, and Control of Institution, Fiscal Year 1963 

[dollaiB in tlioiuands] 

BY CLASS 
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Table 6,-fedefa/ Support of Atademic Science by Agency, Ordered by level of Federal Funds for Academic Science 

Fiscal Year 1963 ' 

[dollaw In thouaand®] 
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r received their princij>al support from the USPHS, amounting 

i to $236 million or 43*1 percent of the obligated FFAS. Three 

t agencies — the USPHS, DOD and NSF — accounted for 80.1 per- 

i cent of the funds obligated to public institutions. The U.S. De- 

partment of Agriculture contributed 98 percent of its academic 
science funds to this one group. 

Denomixiational institutions, numbering 480, received $67 
million in Federal funds for academic science, equivalent to 6.1 
percent of the total. These institutions also received their prin- 
cipal support (61.4 percent) from the USPHS. 
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Federal Funds by Le^el of Support 

Fourteen institutions received in excess of $20 million per 
institution. These 14 received a total of $394 million or 35.8 
percent of the total Federal funds (Table G-5) - The USPHS 
contributed 43.4 p>ercent of the funds received by this group of 
14 (Table 6) ; the DOD, 25.0 percent; the NSF, 19.3 j>ercent. 
The other ten agencies shared the remaining 12.3 percent. 

An additional 15 institutions received sums ranging between 
$10 million and $20 million, a total of $209 million or 19.0 
percent of the whole. 

One htmdred t^venty-nine institutions received between $100,- 
000 and $500,000 in FFASs- for a total of $28.9 million or 2.6 
percent of the whole. The NSF contribution amoimted to 63.3 
I>ercent of the total; the USPHS, 22.6 j>ercent; and the DOD, 
5.5 percent. 

Four hundred sixteen degree-accredited institutions received 
between $1,000 and $100,000 in Federal funds, for a total of 
$11.4 million. The National Science Foundation contributed 
74.3 percent and the U3- Public Health Service 20.1 j>ercent. 

The first 29 institutions ranked by Federal funds received 
sums in excess of $10 million — ^a total of $603 million or 54.8 
percent of the total obligated. 

The first 166 institutions rank-ordered by Federal funds re- 
ceived in excess of $500,000 per institution, a total of $1.06 bil- 
lion or 96.3 percent of the total funds obligated. 

Five hundred forty-five institutions received a total of $40.3 
mill ion in Federal fimds (3.7 percent of the total obligated) 
ranging from $1,000 to $500,000. 

Three hundred fifty-two institutions, 33.1 percent of the 
degree-accredited institutions, received no Federal funds for 
academic science. 
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Federal Funds and Multiple Support 
of Academic Science 

As stated in the preceding section, 352 institutions received no 
Federal funds for academic science. An additional 332 institu- 
tions received supjx>rt from one agency only, and 151 institu- 
tions received support from two only (Table 7) . The rest, num- 
bering 228, received support from at least three agencies. Of 
these, 113 institutions received some supjx>rt from at least six, 
and of this last group, 31 received support from all eight (the 
category counts as one) . These same 113 institutions, as 
one might expect, are those that rank the highest by level of 
Federal funds. 

These results indicate that the institutions at the higher end 
of the academic science support spectrum have not become one- 
agency dependent for their Federal support. The more affluent 
and major producers of advanced education scientists and tech- 
nologists tend to be found at the upper end of the rank spec- 
trum; they also apjsear to be the major beneficiaries of pluralistic 
suppKjrt. They appear to have a wide latitude of choice re^>ecting 
source of support and to be the beneficiaries of a broadly based, 
multiple support system. 

But multiple supp>ort per se is not of great consequence, iinles«i 
considered in conjimction with the size and the order of mag- 
nitude of the total and principal support. For although the uni- 
versities and colleges receiving the major share of Federal ftmds 
receive this support from the largest number of Federal agencies, 
basically, their principal and major support for academic sci- 
ence comes from one Federal agency. The U.S. Public Health Serv- 
ice not only is the princip>al source of funds for Federal academic 
science (45.4 percent of all FFAS) , it is also the princip>al Fed- 
eral mfiuence in the first 150 institutions rank ordered by Fed- 
eral funds (Table C— 6) . It is the major Federal influence in all 
but ten of the first 50 institutions (rank ordered between ?6.3 
million and $42.5 million in Federal funds) . Similarly, it is also 
the major influence in the next 50 institutions. 

The NTational Science Fotmdation is an important influence from 
about the 150th institution— those institutions whose upper limit 
of FFAS support is about $2.7 million. It is the major force in 
the suj>p>ort of academic science throughout the remainder of the 
study population. The Foundation’s influence upon the less afflu- 
ent universities and colleges is very great as contrasted with the 
influence of the other Federal agencies on this same segment of 
higher education. These institutions, however, lie at the lower level 
of the Federal support sp>ectrum. 
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Table 7". — Fre<|uency With Which Academic institutions Receive Multiple 
Support From Funds for Science by Federal Agencies 



Support 


Number 

Institutions 


Support 
By Only 


Number 

Institutions 


By All 8 Agencies^ 


31 
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By Any 7 Agencies. . 


51 
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By Any 6 Agencies 


31 
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M OTHER is counted as one agency** accordinsrly, AX.L refers to eigrlit and not tluzteem 
* OTSER include six agencies : Depaxtment of Interior, Commerce, Labor, and State, Ten- 



nessee VaUey Authority", and Veterans* A dm i nistration. 

All agencies, with the exception of the National Science Foun- 
dation and the Office of Education, obligated more than 95 per- 
cent of their fiscal year 1963 appropriations for academic sci- 
ence to Class A institutions (Table C— 3) - The Foundation obli- 
gated 86.1 percent of its appropriation to Class A, 8.8 percent 
to Class B, and 5.1 percent to Class C. The USOE obligated 92.1 
percent of its academic science ftmds to Class A and 6.7 percent 
to Class B, but its total obligation for academic science for the 
year under study was only $19.7 million. 

Of the 711 Txniversities and colleges receiving Federal funds for 
academic science in fiscal year 1963, the NSF supported 648 in- 
stitutions— 91 p>ercent of the Federally supported and 61 percent 
of the degree-accredited institutions (Table C— 7) . The TJ.S.. Pub- 
lic Health Service made financial support available to 398 institu- 
tions, to 56 percent of the support-receiving population and 37 
percent of the study population. The TJ.S. Ofl&ce of Education and 
the r\f followed- , with 486. and 185 institu- 

tions, respectively. The TJ.S. Department of Agricultiure limited 
its support to 57 institutions. The Department of Defense record 
is not complete for the DOD did not report institution obliga- 
tion data of less than $10,000. 

The National Science Foundation is the sole soixrce of Federal 
support for the largest number of tmiversities and colleges in 
this study population of 711 institutions. It singly supports 272 
institutions (Table 7) . The other Federal agencies combined are 
single support factors in 60 other cases. In almost every case 
where total Federal support comes from a single agency, the 
s TiTTi is iisnan y of a. low order of magnitude and under these cir- 
cumstances single agency supp»ort is about zdl that can reasonably 
be expected. The single agency support issue, therefore, loses its 
significance. ^ , 
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The data suggest that Federal funds for academic science reach 
a rather wide population of universities and colleges, more than 
700, although the bulk of these fxmds (95 percent) is obli- 
gated to the Class A institutions (imiversities) . A large number 
of institutions (30 percent) , principally of die Class B and C 
types, receive no Federal support- Xhe data fxrrther suggest that 
the U-S- Public Health Service is the dominant force (45 per- 
cent) in Federal programming for academic science, at least in 
terms of the level of Federal support- Xhe data also suggest 
that the National Science Foundation is the agency most broadly 
based in its support practices, reaching 90 percent of the insti- 
tutions receiving Federal support. 

It seems that the fxmding practices of the Federal agencies are 
sufficiently broad and pluralistic to make it possible for the 
major recipients of Federal funds — the larger and more a£B.uent 
institutions — to have a wide latitude of choice respecting the 
source of Federal suppK>rt- However, although the system of Fed- 
eral suppK>rt is essentially pluralistic, in that 13 Federal agen- 
cies support academic science, one agency supplies the major 
funding (45.4 percent). It further follows that only 20 percent 
of the Federal support for academic science comes from those 
agencies whose principal role is strengthening academic science 
and higher education- Xherefore, although institutions appear to 
have a wide latitude of choice respecting sources of Federal sup- 
port, such sources of support to a very large degree are restricted 
to agencies that support science in fulfillment of specific objec- 
tives, and the motivation, if not the orientation of the science 
supported, tends to become problem-solving— in the national in- 
terest sense — in nature. 



VIII. THE IMPACT OF FEDERAL FUNDS OH THE 

ACADEMIC INSTiniTION 



The Academic Budget and Federal Funds 

Xhe relationship between Federal funds for academic science 
and the educational and general income for Class A institutions 
(Figure 5) appears to be linear. The class interval mean points 
(Tables C— 8, C— 9) for all 1,063 universities and colleges, rank 
ordered by the educational and general income, appear to fit 
rather nicely on the least squares regression line. The correlation 
coefficient for the relationship — ^FFAS = 140 + 360 (EGI in 
millions) — is 0.74. Fifty-five percent of the variation in F ederal 
funds can be accormted for by the expression above. (A few points 
representative of those institutions at the upper levels of funding 
a gain were excluded for reasons of convenience.) 

The scatter for this projection appears no better or worse than 
it is for the data plotted in Figures 1, 2, and 3. A^in, the 
scatter seems to be greater at the upper levels of funding, and 
again, this is not unexpected. In this group are some of the great 
institutes of science and technology and a number of the great 
imiversities, many of which seem to be heavily committed to 
medical education, and all of which, highly dependent on Fed- 
eral funds. This dependence in some few cases is at a sufficiently 
high level where the Federal funds comj>onent surpasses the in- 
come raised from all other sotuces. 

At any rate, the relationship FF AS to EGI appears to be funda- 
meittally linear. The slope of the line seems to indicate that in 
fi«5r^1 year 1963 the universities raised approximately $4 million 
in Federal funds for academic science for . every $10 mill ion they 
raised in educational and general income. 

Federal Funds and Productryity in Science Education 

To explore further the educational dynamics of universities 
and colleges, the methodology used in investigating the relation- 
ship educational budget to graduate index (Figure 4) was once 
again employed. The relationship of educational productivity in 



Figure 5. — The Re/crtionship of federal Funds far A jdemic Science to 
the Educational and General Income for Class A Institutions 
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science and technology (S&T DP) to the Federal impact index 
(Hfe) (Figure 6) was explored, and so was the relationship 
Federal funds for academic science — in this case used as a mea- 
sure of the level of scientific research — to the science education 
index (R 5 ) (Figure 7) - Xhese relationships, as with that ex- 
plored in Figure 4, also appear to be exponential. Again as with 
Figure 4 the projections are class interval means (Tables 4, 6, 
C-8, C-9) . 

The projections (Figures 6 and 7) give added strength- to the 
hypothesis advanced in section VI that in terms of the budget- 
ing-educational characteristics of institutions, they appear to fall 
into at least two distinct groups. The inference was drawn that 
the group at the higher end of the budget-enrollment spectrum 
(Figure 4), appeared to be heavily committed to graduate edu- 
cation. The data plotted in Figures 6 and 7 allow the continuation 
of this hypothesis and the additional inference that these institu- 
tions — at the higher end of the (graduate) education-affluence 
scale — ^are those more closely identified with research and science 
education, especially at the graduate and professional levels. It is 
quite obvious that there are a large number of institutions that 
fall between these trwo ^tremes. They pose the question: Are 
they in a state of equilibrium- part way between undergraduate 
and graduate education, or are they in the process of leaving the 
one and moving into the other? The methodology (Figure 4, 6, 
7) appears to offer a mode for further exploring the phenomena 
of the changing, evolving academic institution of higher educa- 
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Figure 6.— The Relationship of Degree Productivity in Science and 
Technology in Universities and Colleges to the Federal Funds 
For Academic Science Impact Index (Rfe) 




tion. But speculation aside, in the j>opulation of 1,063 insti- 
tutions studied, there appear to be at least two groups of insti- 
tutions readily idmtified by their educational-fiscal behavior. At 
the one extreme is a group associated with great affluence and 
closely identified with scientific research, science education, and 
graduate and professional studies. 

But the most important question sml remains to be answered. 
Is there a relationship between Federal funds for academic sci- 
ence and the academic institution’s output in science education? 
It seems ^at there is — ^at least at the advanced degree leveL 
The relationship between Federal funds and doctoral degrees 
a^ded in science and engineering appears to be linear (Figure 
8) . The correlation coefficient for the relationship— S&E PhD’s = 5 
-f- 7.0 (FFAS in millions) -^is estimated as 0.85; seventy-three 
percent of the variations in doctoral d^ees can be accounted 
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Figure 7*— The Rel€ttionship of Federal Funds for Academic Science in 
Universities and Colleges to the Science Ecfucofion Index (Rs) 




SCIENCE EDUCATION INDEX (R3) 

for by the equation. To make matters even more comforting, the 
class interval averages (Table C—5) also fall nic<dy on the same 
regression line. 

The individual 169 Glass A imiversity- points show no more 
scatter tiiaii is the case in some of the earlier scatter diagrams. 
Where the scatter is greatest, at the upper end of the produc- 
tivity spectrum, it is to be expected for again the institutions 
at the upper end of the quality-productivity dimension of scien- 
tific research-science education, are-those tlmt-^^a^ the. most highly 
individualistic^ Considering the fact this population contains 
a mixture of the great institutes of science and t^imolpgy and 
a number the great rxiniversities highly vcommitted to^^ m 
research and education,^ the level; of compatability— the correla- 
tion coeffididit, 0,85^betweert degrees awarded and Federal funds 
is. truly remarkable^ It is also quite apparent that: further in- 
vestigation of this interesting rdatiohship is in order. 



Figure 8 . — The Relationship of Science and Engineering Doctoral 
Degrees to Federal Funds for Academic Science for 
Class A Institutions 




From the regression line, one can estimate that each $1 mil- 
lion in Federal funds for academic science appears to be asso- 
ciated with the education of 7 doctorates in science and tech- 
nology. This inference does not imply that eacxi $1 million in 
Federal funds is responsible for the training of 7 doctoral candi- 
dates. A sum this large, however— $140^000 per doctoral a'lvard — 
cannot esca^ influencing the environment for the training of 
these scientists and engineers. " 

There is no correlation between the production of medical and 
dental degrees and Federal funds for academic science (Table 
C— 5) . This, lack of correlation is not unexpected for it is tradi- 
tional for medical and dental schools to limit the number of stu- 
dents enrolled and graduates produced irrespective of the insti- 
tution’s investment in education. Approximately 150 graduates 
per year appear to be the upper limit for most rmiversities, and 
it is rare that this number is exceeded. The wide variation in 
medical school funding probably reflects the lev^ and quality 
of scholarship and the quality and type of graduates rather than 
number. High-cost medical schools are apt to be distinguishable 
more by their concentration on the training of medical scientists, 
medical specialists, and the future professors of medicine, than 
on the training of general practitioners. 




The next question also naturally follows. What sort of rela- 
tionships obtain for Federal funds and degree productivity in sci- 
ence and technology at the bachelor's and master's degree levels? 
The class interval plots for all 1,063 universities and colleges 
(Table C— 5) (Figure 9) indicate that these relationships are 
also essentially linear, but that the linearity is not quite as clear- 
cut as it is for the doctorate relationship. (A least squares re- 
gression analysis wasn't attempted in this case because of both 
the lack of time and the suspected remoteness of the relation- 
ship.) 

These two plots which appear to manifest themselves as “s" 
shaped curves— single “s" for the bachelor's and multiple for the 
master's degree — confirm the earlier hypothesis that there a_i e a 
number of levels of institutional and Federal funding. In one in- 
stance (Figure 7) Federal funding appears to be associated with 
the degree of institutional involvement in science education. How- 
ever, a more likely interpretation for the projections in Figure 9 
is that the relationships depicted are fundamentally reflections of 
institutional productivity at the doctorate level. It can be shown 

Figure 9 . — The Relationship of Federal Funds for Acodemlc Science in 

Universities and Colleges to Degrees in Science and Technology 
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that high doctorate producing institutions are apt to be those 
that are the high producers of the bachelor's and master's de- 
grees (Table 3) - This is especially true for the Class A public 
institutions where high doctorate productivity is associated with 
high productivity at both the bachelor's and master's degree 
levels- At any rate, the relationships depicted in Figure 9 leave 
room for considerable speculation and uncertainty, thus encour- 
aging the further exploration of the relationships of Federal 
funds to educational productivity at all levels of science educa- 
tion. 

The preceding evidence leads one to the following summairy: 
Federal funds for academic science appear to be directly 
proportional to: 

1- institutional investment in education (EGI) . 

2. institutional commitment to graduate education. 

3- institutional educational productivity in science and 
technology (S&T DP) . 

4. doctoral production in science and engineering. 

One may also conclude that doctorate degree production and 
educational productivity in science and technology are closely 
allied to the quality and the level of scientific research, and that 
academic research and graduate education in science are different 
faces of the same coin. One may further conclude that graduate 
education in the sciences, especially at the doctorate level, exerts 
a profoxmd effect on the academic institution's fiscal behavior. 



Fecfero/ Funds and Institution Types 

Class A institutions, numbering 169, received ?1.05 billion— 
95.1 percent of all Federal funds for academic science (Tables 
5, 8, C— 3) . The denominational component of Class A institu- 
tions, numbering 24, received ?52 million — 4.7 percent of the 
total; the private component, numbering 52, received $469 mil- 
lion — 42-6 percent; and the public component, numbering 93, re- 
ceived $525 million— 4:7-7 percent. 

The public component of Class B, numbering 114 institutions, 
received the principal share (more than 50 percent) of the $37 
million obligated to Class B. It received $19 million— 51.1 per- 
cent of the class total, and 1-7 percent of the total Federal obli- 
gations. 

Denominational institutions of the Class C component of institu- 
tions, numbering 404, received the major share of the funds ob- 
ligated to Class C. But they received only $7-5 million to- 
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VRf# = PPAS/EOI + PPA8. 

* R« GraduBUi Enrollment/Total Enrollment* 

* S&T DP = Science and Technoloj^y Degree Productivity. 
^ Ri = S&T DP/Xotal Enrollment* 







tally, 45.8 percent of Class C and 0.7 percent of the total Fed- 
eral funds obligated. 

Class A institutions received on the average, $6.2 million in 
Federal funds per institution; Class B averaged $190,000; Class 
C, $25,000; and Class D, $4,000. 

Class A private and public institutions, together numbering 
145, received the bulk of both Federal funds (90.3 percent) and 
the academic budget (61.9 percent) . This group of 145 mstitu- 
tions also trained 96.8 percent of the doctorates in science and 
engineering, 87.1 percent of the doctors of medicine, and *^7.2 per- 
cent of the doctors of dentistry. 

Private Class A institutions are the most highly favored of the 
classes studied, with respect to the receipt of Federal funds. The 
R/e value for this group is 0.353, indicating that 35 percent of 
the group's total income comes from Federal funds for acadenuc 
science. This private Class A group of institutions also made the 
largest contribution in terms of its total educational eflFort in 
graduate education. Its Re (graduate education index) value 
turned out to be 0.236 (Re for the study population is 0.108). 
Private Class A institutions also devoted more of their educa- 
tional effort to science education than did any other group—the 
Rs (science education index) value is 0.154; Rs for the study 
population is 0.081- 

Fourteen institutions, 1.3 percent of the study population, re- 
ceived in excess of $20 million per institution and enrolled 
296,000 students of whom 65,000 were in graduate studies. The 
student body of these 14 institutions constituted 8.6 p>ercent of 
the total student population studied and 17.6 percent of those 
graduate-enrolled (Table C— 5) . These same 14 institutions re- 
ceived 35.8 percent of the Federal funds. They accounted for 10.5 
percent of the bachelors, 23.7 percent of the masters, and 36.2 
percent of the doctorates produced in science and engineering. 
They also graduated 21.3 percent of the veterinarians, 18.0 per- 
cent of the doctors of medicine, and 14.1 percent of the doctors 
of dentistry. They accoxmted for T8.0 percent of the Nation's 
educational effort in science and technology. 

One hxmdred sixty-six institutions received 96.3 pxarcent of 
Federal funds; they enrolled 50.9 percent of the students m-the 
I study population and 72.5 percent of the graduate students. They 

I accounted for 75.4 percent of the Nation's educational effort in 

i science and technology. They graduated 55.6 percent cf all bache- 

lors in science and engineering,- 87.7 percent of the masters, 98.9 
percent of the doctorates, 98.9 percent of all the veterinariaiis, all 
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the doctors of medicine in the study population, and 95.1 percent 
of the dentists. 

Five hundred forty-nve institutions, 51.3 percent of the degree- 
accredited institutions, received as little as $1,000 and not more 
than $500,000 in Federal funds. Xhis group of 545 institutions 
received 3.7 percent of the total Federal funds obligated; they 
produced l-I percent of the doctorates in science and engineer- 
ing; they enrolled 38.7 percent of all the degree-listed students, 
and 24.4 percent of those enrolled in graduate education. They 
accounted for 26.1 percent of the funds in the academic budget 
and for 20-8 percent of the Nation’s effort in science education. 

Seven hundred eleven degree-accredited institutions received 
all the Federal funds for academic science obligated in fi sca l 
year 1963- They made up 66-9 percent of the institution popula- 
tion in ^the study. They produced all the doctorates and mas- 
ters in science and engineering; they produced all but 7-7 per- 
cent of the baccalaureates in science and engineering, and all 
the doctors of medicine and dentistry and all the veter in a ri a n s. 
They accoimted for 96.2 percent of the Nation’s effort in science 
education and 93.1 percent of the academic budget. 

Three hundred fifty-two institutions, 33.1 percent of the de- 
gree-accredited population, received no Federal funds. They en- 
rolled 10-4 percent of the degree-registered students and 3.1 per- 
cent of those committed to graduate studies. They accounted for 
6.9 percent of the academic budget and 3.8 percent of the Na- 
tion’s training activities in the sciences. 



Institutions with Major Dependence on 
Federal Funds 



Twenty-two Class A institutions received 40 percent or more of 
their total income hrom Federal funds for academic science (R/e 
value in excess of 0.400) (Table C— 10) . These 22 institutions 
rank relatively high when ordered by level of Federal funds. One, 
the University of California at San Uiego, appears to be an artifact, 
for it ha<? not fully metamorphosed hrom a research-graduate edu- 
cation institution into a university. Three institutions are basic- 
ally medical colleges— Hahnemann, Georgia, and South Carolina 
Medical College. Another three mstitutioiis have do minan t med- 
ical schools— Y eshiva University, Baylor University, and Union 
College and University. The oiily other public institution in this 
group of 22 institutions is the University of Oklahoma, probably 
because its educational and general income is low in terms of 
that of its contemporaries. 
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Within this group. o£ 22 there are 15 institutions engaged in 
medical education. Six are institutions o£ science and technology 
in the accepted sense. Eighteen are privately or denominationally 
controlled. The £our publicly controlled institutions appear to be 
special cases—the University of Gali£ornia at Sm Diegb because 
it is only now emerging as an educational institution, Georgia 
and South Carolina Medical Colleges because they are essentially 
medical schools, and the University p£ Oklahoma for the reasons 
cited earlier. In the group o£ 18 nonpublic instimtions are a 
number of the great private universities o£ the Nation. Among 
these are practically all the Nation’s quality academic institutions 
o£ science and technology. 

These data lead to the conclusion that a not insignificant group 
of American universities has become heavily dependent on a sys- 
tem o£ funding whose objective is not principally the advance- 
ment of higher education. Among these institutions are a num- 
ber of the great private universities and institutes of science 
and technology. It follows naturally to ask whether this level 
of funding (R/e) (Table C-10) is to continue and for how 
long, how many other institutions will join the list of the heavily 
dependent^ and whether the Federal support practices responsible 
for this predicament are in the best interest of science and/or 
higher education? 

This state of affairs has been developing for about 25 years. 
No one could have predicted that the bold OSRD experiment of 
the early 1940’s would lead to a system of academic support 
that w^ould become the principal somrce of income for a num- 
ber of the Nation’s major imiversities and a substantial source 
of income for its total system of higher education in the early 
1960’s. Although the Federal contribution to academic income 
continues to iricrea^, there are distinct signs of change in fund- 
ing, practiced Withm last few years the base of Federal sup- 
port to a^ has been broadened to include Institu- 

tional Base Grants, Graduate Faolity, and University, Depart- 
mental, and College Science Development Gx^ts, to mention but 
a few innovations. T has also be^ a quantum increase in 
direct support to higher education. The issues posed have brought 
about the reexamination of Federal programming polici^ and prac- 
tical The ;recent estaiblishment of a standing Committee on Aca- 
demic Spence and rEngineeidng within the -Federal Council is a 
direct resui^ ah inpeasing awareness ^^^ m the 

close tibs ; between strength in academic and the Na- 

tion’s health and security. But, as is so obvious, the level ^ of fund- 
ing th^e new programs is from ade^ to effect the exist- 
ing trends. A growing number of quality American imiversities 








are becoining more and more dependent on sources of support 
only indirectly associated with the training of scientists and 
the advancement of higher education- 

In spite of the fact that the academic science support system 
has been both beneficial and enlightened, it will continue to re- 
quire reexamination, even more intensively t h a n is now the case. 
The method of Federal support to higher education— by indi- 
rect means and through funds obligated for problem solving in 
the national interest— is being subject to continuous examina- 
tion at the Executive level of Government. So has the question 
of the growing dependence of an increasing number of the Na- 
tion's great academic institutions on academic science fimds also 
been the subject of intense study at the Executivie level. It has 
also been the subject of recent hearings held before the Daddano 
Coiiinaittee.^There Gerard Piel ^ testified so eloquently: 

Our universities deserve public support not- as instruments , of national 
. . purpose in tlie service of ends chosen by Government, but, as vessels that 
.cherish and enlarge the liberties of self-governing; ciozens- . 

To the student of Govemihent-university relationships the resr 
olution of these issues goes . far beyond the question of how to 
fund science at -imiyersities and colleges. The question to be faced 
is the nature and level of Federal responsibilities to higher edu- 
cation. For stated in the President's words. 



, The strength of the research and development program of Ae inajor 
agencies and hence their ability to meet , rational needs, . depends heavily 
on the total strength of our university system. 







IX. NQNRECIPIENTS OF FEDERAL FUNDS 



A Profile 

In fiscal year 1963, 352 institutions received no Federal funds 
for academic science. They enrolled 354,000 students (Tables A— 2, 
C-11). 

All Class A institutions received some aid in the form of Fed- 
eral funds. All but 18 institutions in Class B, 9 percent of the 
Class B population, received some Federal assistance. Two hun- 
dred ninety-six out of 651 Class C institutions, 45 percent of 
Class C and 28 percent of the total study group, received no 
Federal funds for academic science. Thirty-eight out of 46 Class 

D institutions also were without Federal aid. 

The denominational institutions not receiving F^eral funds for 
academic science numbered 207 or 43 percent of the denomina- 
tionally controlled population tmd about 20 percent of the total 
degree-accredited population of mstitutions. Private institutions 
without Federal funds for academic science totalled 49 out of 229. 
There were also 96 public institutions, out of a total of 354 pub- 
lic, that received no Federal funds. 

Although these nonrecipients of Federal funds (nonparticipants 
in Federal science programs) enrolled 11,600 graduate students, 
they awarded only 77 master’s degrees in science and engineer- 
ing, 0.3 percent of the Nation’s science and engineering master’s 
degrees fpr the year studied* They trained none of the doctorates 
in science - and ■ engineering. , ' hey v awarded -1 0,000 bacJielor s de- 
grees, in these same areas* 'Fhe E^ y^ nonre- 

cipients is 0,02^ (averse FU for the degree-accredited popula- 
tion of institutions is Q.081) , , demonstrating a minor effort .in 
science education. Their contribution tp advanced ^ence educa- 
tion was.^pecially low. ■ ^ V ■ 

Public institutions, 96 of them, make up 27 percent of the 
nonrecipient; :population. They .accounted: fpr l 62,000 of the, 354,- 
000 students ■ enrolled by -the nonrecipients ;: (-^ percent) , and 
9,000 of the 12,000 students in graduate studies (75 p 
They accounted for 30 percent of the bachelor’s degrees (2,900) 
produced in science and technology by the nonparticipants. Their 
Rs value of 0.019 is the lowest value attained by the nonrecipient 



groups and the lowest attained by any class of institution studied. 
Since the 96 public institutions in this group of nonrecipients 
can be assumed to be teachers colleges whose graduates are 
likely to be primary and secondary school teachers (Class B and 
C public institutions are or were principally teachers colleges) , 
the question that comes to mind is, how well prepared are the 
graduates ^vith respect to following their elected teaching ca- 
reers? For a complete lack of Federal funds for science can be 
indicative of a marginal-to-low quality reference with respect to 
science scholarship and science education. 

The Class C institutions (296) dominate the population class of 
the nonrecipients. They constitute about 85 percent of the non- 
participating population and account for about 80 percent (278,- 
000) of all students enrolled in this group. They klso accounted 
for 6,600 graduate students— about half the total of the graduate 
students listed by the nonrecipient institutions. They trained 9,300 
bachelors in science and engineering— again about. 90 percent of 
the group’s production. The Ry value is 0.033. 

The denominational institutions (207) dominate the popula- 
tion of nonrecipients with respect to institution^ control. They 
make up about 60 percent of the study population, and they ac- 
counted for (153,000) about 43 percent of the students regis- 
tered in the nonparticipating institutions. They graduated 5,860 
individuals with bachelor’s degrees in science and engineering— 
58 percent of the first-degree population trained by the nonrecipi- 
ents. The Rs value is 0.038. 

Interpretation of Data 

It appears that the vast number of the baccalaureates in sci- 
ence and engineering trained by the nom institutions, 

are the product of the denonuhational^ Q institution— the 

liberal arts college with close ti^ to religious organizations. It 
has been suspected that the nonpafticipating group of institu- 
tions is dominated by the denominational liberal colleges. 

The eviddace supports this opinion. It com^ rather a^ 
prise that these same institutions are also the maj or nonreripip-n t 
producers of the bachelor’s degree in science ani engineering. 

The number of private Cl^ C m^tutions‘ (Uber^ col- 
leges) anfong the nonrecipient group of institutions appears’ rela- 
tively small. Since the total number of priva.te honrecipierit m 
sptutions does hot exceed 50, the number of private Glass C im 
tutions must be even less. Interestingly, few if any, of the 
tinguished 1 iberal arts colleges are^ to be found among this group 



o£ nonxecipients ("JL'ables A — 1, A — ^2) - TThe majoxity o£ these 
highly regarded, liberal arts colleges appear to more than hold 
tbeir own, both as produceis o£ the baccalaureate in science and 
engineering (their principal contribution to ' science educa tio n) 
and as recipients o£ Federal £unds £or academic science. J. hey 
stand relatively high in the receipt o£ Federal £unds when size 
and primary educational objectives are taken into consideration. 

There are 416 institutions that received between $1,000 and 
$100,000 in , Federal funds — a sum total o£ $11 million and an 
aveirage o£ $27,000 per institution (Table C— 5) . These institu- 
tions awarded 27,000 bachelor’s degrees in science and technol- 
ogy— 20.3 percent o£ the total number awarded in the Nation in 
academic year 1962—1963. These institutions also awarded 3.6 per- 
cent o£ the master’s degrees. Adding this group o£ 416 margin^ 
participants in Federal science programs to the 352 nonp^tici- 
pants makes £or an unusu^ly large number o£ the Nation’s de- 
gree-accredited institutions, 7 68 in all, that are participating 
■ma-r-^rial ly or not at all in Federal science programs. TTheir com- 
bined productivity in science education amounts to 28 percent o£ 
the bachelor’s and 4 percent o£ the master’s degre^ awarded, 
and constitutes a £airly significant part o£ the Nation’s scien- 
tifically educated manpower exposed little, or not at all, to the 
benefits avafiable £rom Federal programs in support o£ academic 
science. Quality-competitive Federal programs in support o£ aca- 
demic science obviously are not the proper vehicles £or bringing 
the advantages o£ Federal science programs to this group o£ indi- 
viduals and institutions. I£ they are not, then where and what is 
the suitable course o£ action? 

It appears £rom the evidence submitted that the nonp^ticipants 
in Federal progr a ms for academic science are marginal-to-low 
quality institutions o£ science scholarship and science education. 
Considering their large number and the student potential,^ their 
contribution to the Nation’s scientific and technological manpower 
pool, at - vyhatever the educational level, is low — at least consid- 
erably lower than the contributions o£ the recipient institutions. 
The forces responsible £or low productivity o£ scientific rnanpower 
and nonparticipation in. Feder^ science programs cannot be ascer- 
raiiieki by statistical methods o£ study. Such ; methods, . ho'^ever, 
c^ point out the so£t spots in the Nation’s system p£ higher edu- 
<^tion; and as in the case here, those o£ the degree-accredited m- 
stitutions and those engaged in science education- Calling atten- 
tion to the weaiknesses in the education system is of value, if for 
n«-> other reason thsin to provide a base for a more thorough in- 
vestigation. But more than this, it allows the opportunity to 
search out the underlying cause for the failure— in this case- 



of tlie nonrecipients to participate in Federal programs. It also 
makes possible the institution of suitable corrective measures, ^ 
required. It may turn out that scruples against FedCTal aid on 
the part of faculty and board of trustees, rather than marginal- 
quality scholarship, or disinterest on the part of the. institution 
is at the core of the nonparticipation problem. Whatever the 
cause, the matter of nonparticipation and low productivity of 
scientific manpower among these 352 institutions warrants fur- 
ther investi^tion, especiaUy since the nimiber o students in 
training within them constitutes a substantial element of the 
Nation's scientific and technological manpower pool. 



UNIVERSITIES AND COLLEGES ENROLLING 
NEGRO STUDENTS PREDOMINANTLY 



A Profile 

There were 69 degree-accredited instimtions in the academic 
year 1962-1963 that enrolled Negro students predominantly (Ta- 
ble C— 12) . These 69 institutions listed 94,000 students. They ac- 
counted for 2.1 percent of the education budget of the study 
population; they received $5.3 million or 0.5 percent of the Fed- 
eral funds for academic science. 

They awarded 2,954 bachelor’s degrees in science and engineer- 
ing, 161 master’s degrees, and 7 doctorates- They registered^ only 
1.2 percent of the Nation’s graduate population. Their participa- 
tion in graduate studies (Re = 0.049) considerably below 

the study population average of 0.108. Their contribution to edu- 
cation in the sciences (Rs) again was below the national average; 
the Rs value for the total study population is 0.081, for the 
predominantly Negro-enrolled institutions it is 0.043. ’^ereas 
they made up 7 percent of the institution study population and 
enrolled 2 7 percent of all the degree-listed students, they pro- 
duced only 2 2 percent of the bachelors in science and engineering, 
0.6 percent of the masters, 0.1 percent of the doctorates, 1.1 per- 
cent of the veterinarians, 1.4 percent of die doctors of medicine, 
and 2.2 percent of the dentists. The advanced degre^ in science 
and technblo^ are the coiitribution of one imtituuon— Hoix'ard 
Univ^ity. ’ 

The predominantly Negro-enrolled institution budgeted $960 
per smdent--25 percent ;bdow?the study average- For the degree- 
gating accredited in^tutibn,iie^^ is $1,270^^^]^ enrolled 

student; for . t^ hdhpa^cip^^ 
strmtibiis^ the average, is $840 pe^^^ 

N egrb-ehrch.le^^^^^ imtxm ; - : 5?? ; 

numb^er ,.of ^Wgh^ instimdbm^^^^^ a^ ^ ^ of partim- 

’ ■ pan^;/ Jnl^de^;.ls^^ Hdw^d 

pr^biv^tyl Withp^^^ 
in^t iturion ■ average drops vto^^^i^^ 

other participants in- Feder^ science programs j (more than half 
the N group) ,, -:the bu^eted; per - student 

'^ptdd ^ bidoiv^- leyel and 'considerably below^^^ the 
av^ge , bP^et^^^^^ -35E' ponparticipahti h^ 



ratio of Federal funds F>er degree unit (R/d) for the predominantly 
Negro-enrolled institution is $1,300; for the study population, the 
R/d value is $4,000. The ratio of Federal funds to the total 
institution income (R/e) for the Negro-enrolled institution is 
0.055; for the study population, it is 0.202. 

This evidence indicates that those institutions that enroll Ne- 
groes predominantly are considerably below the study average- 
in fimding, both local and Federal, in terms of productivity in 
graduate education, and productivity in education in the sciences. 

These averages would have been considerably lower had How- 
ard University been excluded from the population of Negro-en- 
rolled institutions. Howard University is f nndampni-an y a public 
and a federally supported university. Without Howard University 
this study ^oup of 69 institutions would have produced no doc- 
torates in science and engineering, and no doctors of medicine or 
dentistry.‘“ 

Thirty institutions enrolling predominantly Negro students re- 
ceived no Federal funds for academic science. They enrolled about 
25,000 degree-listed students and 45 graduate students. They 
turned out 591 bachelors in science and engineering. Their con- 
tribution to graduate education and to science education was 
especially low. The Re value for these 30 institutions is 0.002; 
the Rs value is 0.024. Both these values are especially low, 
whether compared to the tot^ population of 1,063 degree-ac- 
credited institutions or to the 352 nonrecipients. 

Of the Federal funds for academic science obligated to institu- 
tions that enroll Negroes predominantly, 58.6 percent came from 

National , Science Foundation, and 33.8 percent canae from the 
U.S. Public Health Service. Less than 8 percent came from the 
remaining 1 1 agencies. 

Interpretation of Data 

As a group, the academic institutions enrollihg predominantly 
Negro students appear to be a poorly, financed group, both, with 
respect to Federal and hon-Federal funding sources. Their contri- 
budon to graduate training ^d to tr^^ the ^iencei is 

far below the national average: B;oth the level of Fedoral funds, 

the ratios, i n dicative of level and contribution to the graduate 
and sa^ce manpowdr pwl, point to t^ that bn the whole a 

marginal tO' low; state of science scholarship and/or higher edu- 
cation in the sciences inay east vtithih th^^^ Thfr 

evidence both confirms and compliments the findings of Earl J. 
McGrath,'*’^ former ^ Gommissioner of ■ Education. Although 
Dr. McGrath indicates that ai ntuhber of these iiistitntions "rank 
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with the best with respect to quality, he nonetheless draws a 
depressing picture with respect to the others: 

An objective review of the &cts discloses, however, that a not inconsid- 
erable number of Negro institutions now struggle along toward the rear 
of the academic procession. The scope and recency of the training of their 
faculties, the character and the level of their students’ preparatory' educa- 
tion, and under present conditions the prospects of improvement in some 
of these institutions are not reassuring, even to the most sympathetic 
observer. 

Xhese universities and colleges enrolling Negro students pre- 
dominantly, up until very recently, have constituted the back- 
bone of Negro higher education and perhaps the major source 
of Negro leadership in the South, Dr, McGrath’s data indicate 
that in 1963 of the seniors in these institutions, just over 25 
percent named education as their career of choice — 14 percent 
selected high school education, 12 percent, elementary- These in- 
stitutions constitute the major and principal source of Negro 
higher education in this region. The probable lack of quality sci- 
ence scholarship and science education at these institutions, as 
deduced from the low level of total and Federal funding and par- 
ticipation in advanced study and science education, may be in- 
dicative of the low educational and economic status of Ameri- 
can Negroes, especially those residing in the South. It is true that 
racial constraints are rapidly disappearing from the admission 
practices of large numbers of institutions of higher education in 
all regions of the United States, It is also true that large num- 
bers of able and qualified Negro students now have equal oppor- 
tunity in higher education. However, there still remains a sig- 
nificant number of Negro students, predominantly in the South, 
who because of being imqualified by the nature of their primary 
and secondary school education and because of their low socio- 
economic level have but the one choice — higher education at in- 
stitutions enrolling Negroes predominantly. These institutions 
probably at best are minor participants in Federal science pro- 
grams because of ignorance of Federal programs and the mar- 
ginal and low scholarship of their faculty and student body in 
thesciences- 

Earl McGrath lays great emphasis on the need and the haste 
with which the Nation must develop programs to strengthen the 
colleges and universities enrolling Negro students predominantly. 
On practical grounds, he discourages any thought of euthanasia 
for the weaker institutions; his conclusions are borne out by the 
evidence: 

... facts . - . rdating^ to previous education and the financial ability 
of Negro students indicate that at present and to a lesser degree, for some 
years to come, the majority of students in the weaker collies could not 
gain admission to the stronger nor afford to attend them even if admitted. 
Hence, the cU^ng of the weaker institutions would deprive thousands of 
Hegro youth of any opportunity for higher education. 

53 • 79 



XL UNIVERSITIES ENGAGED IN MEDICAL EDUCATION 



A ^Manpower Profile 

There are 80 (Class A) universities engaged in medical edu- 
cation (MEEU) (Table C— 13) . There are <ui additional 89 
Glass A institutions comparable in all respects except for the fact 
that they do not o£Eer medical education. These 89 institutions 
are used for comparison purposes— the control group. Five 
medical colleges are not included in the population of medical 
education-engaged institutions.*^ 

The MEEU group received 68.9 percent of the Federal funds 
for academic science and accounted for 42.7 percent of the funds 
earmarked for the educational and general expenditures of the 
study group; in contradistinction, the 89 controls received 26.2 
percent of the Federal funds and 23.2 percent of the academic 
budget (EGI) . (Class A as a group received 95.1 percent of the 
Federal funds and 65.9 percent of the academic budget.) The 
MEEU group received about three times the Federal funds re- 
ceived by the control group. Federal funds for academic science 
for the MEEU group averaged $9.5 million per institution; for 
the controls, it averaged $3.2 million. 

The medical education-engaged universities received 29 per- 
cent of their total income (R/e = 0J290) from Federal funds; 
the R/e f or the controls is 0.222. It is the MEEU group that 
participates to a larger degree in graduate education and edu- 
cation in the sciences. The graduate education index (Re*) for 
the MEEU group is 0.169; for the control group, it is 0.133. 
The science education index (I^) for the MEEU group is 0.129; 
for the control group, itisO.llO. 

The AIEEU group enrolled “ two-thirds as many more students 
per institution as did die controls--12,8()0 f6r^^M 7,600 

for the conixolsJ It ^roU^ -fw ^ many graduate students • as 
did the controls— 2;170 vs. UOOO— and,! by definition, all the -doc- 
tors of medicine:. ’ It contributed w manpower 

trai nin g in the sciences as did the control group^l,660 S&T DP 
units ' vs. . 830.; - It trained two-thirds , as many , more doctors of 
science and engineering— 4,960 ys.: 3,o6o, and, of course, all the 
doctors of medicine and.95 percent of all the dentists. 



Funding Charaetefisties 

The medical education-engaged university group received the 
bulk of its Federal support (Tables 9, C— 3) from the U.S. Pub- 
lic Health Service— 55.3 percent; 16.2 percent of its Federal sup- 
port came from NSF and 15.8 p>ercent from DOD. These three 
agencies accounted for 87 percent of the total Federal funds for 
science obligated to medical education-engaged uni- 
versities. By contrast, the control group received 23.9 percent 
of its Federal science support from the U.S. Public Health Serv- 
ice, 25.4 percent from the National Science Foundation, and 
25.3 percent from the Department of Defense. The control 
group received 75 percent of its Federal support frjm the three 
principal support agencies of academic science. 

The U.S. Public Health Service committed 83.9 percent of its 
1963 obligations for academic science to these same 80 (MEEU) 
institutions— a total of $419 million, eqtzivalent to 38 percent of 
the Federal obligations to academic science for fiscal year 1963. 
The next two agencies, in terms of their obligational authority, 
also concentrated their academic science support efforts within 
these 80 institutions, but not to the same degree. The Depart- 
ment of Defense obligated 60.1 percent ($120 million) of its 
az-aHemir science fuhds to this group, and the National Science 
Foundation, 54.1 percent ($123 million) . 



Interpretations and Implications 

It is predominantly the large contributions of the U.S. Public 
Health Service to the 80 medical education-enga^d institutions, 
both in absolute terms and in terms of the restricted nature of 
USPHS appropriations, that appear to be major fartors in the 
concentration of Federal funds for science in a limited number 
of institutions of higher learning and in circuinscribed regitms 
of the Nation. These r^ons me apt to be those whme medical 
education is also concentrated. A further exploration of the 
component of Federal funds for academic science obligated ^- 
rectiy to medical schools as such is . obl^atory, . to further delin- 
eate the- phenomenon of concentration of Federal, funds and the 
support of health sciences by the Federal Govemmmt. The^ sta- 
tistics now availabli^ iinfortuhatdiy, lack . the necessary . dem^ ^to 
m^e such a study possible. 

Medical education-engaged Universities operated wth larger 
average academic budgets (EGI) , $23J2 million in the academic 
year 1962— 1963, than did the control group whc^ average a<a- 



bs 



82 



demic budgets were $11.3 million; they also accounted for twice 
as many S&T DP uiiits as did tJie controls. In the same year 
medical education-engaged institutions received an average of 
$9.5 million in Federal income firom academic science; their 
controls averaged S3.2 million. If these data have v^idity, i.eJ, 
if the trvo populations are comparable, one may then conclude 
that, on the average, ?l medical school require an academic 
budget equal in size to the ri^t of the parent 

university, and that medical education-engaged universities ex- 
pend three tim^ the Federal funds for science than do the 
controls. These data also show that in fiscal year 1963 the aver- 
age medical school rr^eiyed about $6 million in Federal funds 
for academic science. 

The analysis of Fedei^ funds by class and control (T^ 

5 and C— 3) focused attention on- private Class A institutions 
as the institutions most favored by Federal science programs. 
The data in Table 9 indicmte that it is the medical education 
component of these liniversiti^ that is favored by Federal funds 
and that it: is the priv3ie 5 .Rector of this medical education- 
engaged group that is especially favored (Table Thirty- 

five percent of the total income of the private (26 ih: number), 
medical education-engaged universities came Feder^ 

sources (R/e = 0.349) ; die iR/e value for the : comparable, de- 
nominationally cphtrolled ^bup 6^^^ 0-313; 

for the public it is 0-247- The Rj^e value for all 1,063 institu- 
tions in the study is 0.202,. for Class A it -rs 0 26^^^ arid for ; the 
medical education component of Class A it is 0-290. 

The private group oF mescal education-engaged 
comprise about 15 percerit pfTh^ Glas^ A, one-haJf : of She popu^ 
lacion of private i^la^^v A : m 

of the degree-accfedit^ insd They^receive^^^^ 

of all Federal : funds for academic ; sciei^ic^ Fy , contrast, ^Jie med- 
ical <^ucatiqnferi^ged :pubhcv^ 43 (4.6 . 

percent ^ population^, 

ceived- ' 32-9; pCT 69 pubHc ^ ^ institur 

tions,gabout ^T^pereent 

lation; t_t^eived 65;^ percto fun^ for acadeniic sei«ence^ 

The priym^^ million ^ inf Federal ^ funds 

per in^tution,: ■ ;i\rh^ cbmponent;i;ayera^^ 

miUion^ jp^ese tivo^ at^aipprbxirpa^ 

level "of pc^demic" iiicbnm 

fear tlie;S^^ piiblic^ Ih con-: 

neffibhl^yiath^^^ 

privalpl^o^J has p r 

mem, less than thfee^usbrtefs^^d^^ 










Of tiieir o^vn funds, based on the EGI, the private medical 
education-engaged universities budgeted ^2,150 per student en- 
rolled; the public, §1,700 per student; and the denominational, 
$1,300. The corresponding figures for total research and educa- 
tion income (EGI -h- FFAS) were $3,300 for private, $2,250 
for public, and $1,900 for denominational. Does this higher 
budgeting per student for the private universities engaged -in 
medical education indicate that the; students in residence in 
these imiversi ties, as a whole, ; are provided with a higher qual- 
ity of education, where quality _ is equated with affluence? Or 
does this higher budgeting simply indicate that these private 
institutions participate to a greater degree in research, gradu- 
ate education, and science education, and the additional cost per 
student is merely a reflection of these phenoraena? 

Although the public sector of the MEEU group enrolled about 
40 percent more students than did the private, the reverse is 
true with respect to graduate enrollment. Graduate enrollment 
for the private MEEU group averaged 2,876, and for the public 
sector, the average figure is 2,100. The S8cT DP value for the 
public sector is 1,805; for the. private s^tor, it is 1,744. These 
values are not corrected for institution size. When they are, 
however, graduate enrollment and. S8cT DP value clearly favor 
the private group. . . 

The Re and Rs values, indices of level of participation in 
graduate and science education, indicate and confirm that the 
privately controlled MEEU institution concentrates more of its 
education effort in ^ ^uate education and in education in the 
sciences than does its counterpart, the publicly or denomina- 
tionally controlled . institution. The graduate education index 
(Re) for private MEEU is 0.243; for the public it is 0.138; for 
the denominational, 0.133. The science education index (R^) 
for the piivate MEEU group is 0.147; for the public: group it 
is 0.1 19; for the denominational, 0.143. 

Like the Re and R^, the R/e value also favors the private 
MEEU institution. The denominational group falls somewhere 
in between the private and public group. High^ R/e’s for the 
private (0.349) and denoruinatiohal (0.313) ’groups are indic- 
ative of the corresponding high rate of dependency and/or 
participation in Federal science prograir^. The R/^ indices 
(Table C— 14) beyond doubt, demonstrate the depth of the de- 
pendence of each of the 26 private institutions--the private 
medical education-engaged universities— on Tedergi funds and 
especially on U.S. Public Health Service sources of support. 
Three of these institutions with the high R/e values now depend 
on Fedei^ funds in the rad^^ dollar in Federal funds 



for every dollar raised from othCT sources (R/e value above 
0^0) ; 15 of them receive more than 60 percent of their Federal 
funds from the U.S, Public Health Service. 

Does an increasing proportion of Federal funds (in terms of 
total institutional income) create a greater and pe rman ent de- 
p>endence on Federal funds for these private and denomina- 
tional medical education-engaged universities? Does such depend- 
ence indicate a continuance on the present level of Federal 
support to maintain the existing level of academic research, 
graduate and professional education, and education in the sci- 
ences programs? Does this dependency indicate an ever-expand- 
ing commitment of the Federal establishment? Is the dependency 
level established by the academic science support relationships, 
in the best interest of science, the academic institutions, and the 
Nation? Is it in the national interest for the health sciences to 
dominate both the Federal academic science and the science pro- 
grams of the universities? 

If strengthening and broadening the base of academic science 
are to continue as the fotmdation of the national policy for 
science" then the resolution of these and related questions 
will have to assume a fairly high order of priority. The nature 
and the role of the medical school, the nature of the responsi- 
bility of the Federal Government to the health sciences and to 
medical education, and the concentration of medical education 
in a limited number of universities and in circumscribed regions 
of the Nation must enter into any policy considerations for 
science and technology. 
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XII. STATISTICS AND PREDICTABILITY 



The evidence indicates that there is fairly ^>od correlation 
Ijetween the amount of Federal funds for academic science re- 
ceived by institutions and the various characteristics used to 
measure institutional participation or productivity in higher 
education. In some instances the relationships are direct and 
linear. In other situations the relationships are not quite so 
direct. In some instances, the relationships are not re^lar. The 
data emphasize the fact that class and control of an institution 
must be considered in any comparison dealing with academic 
income and man power input-output. Class and control appear 
to be determinative with respect to size and income, and prob- 
ably with the allocation of resources to graduate and science 
education. State universities (public) seem to be more oriented 
toward educating large numbers of ^1 types and levels of stu- 
dents. Private imiversities app«tr more selective — selective in 
the <en<;p of a greater concentration on graduate studies, profes- 
sional education, and education in the sciences. Denominational 
institutions appear to concentrate principally at the baccalau- 
reate level and are the least engaged in science education. 

Do these relationships, so statistically evident, hold for the 
individual university and college? The data accumulated thus 
far appear to be amenable to answer such a question, however 
tentatively. 

Medical Education and the level of 
Institutional Funding 

The maximum rate of change in slope, the poiin at which the 
study population of academic institutions seems to be divided 
into low and high inconae producers, low and high producers 
of scientific research and of scientific and tedmological man- 
powCT (see Figures ^, 6, 7) , focuses attention on those institu- 
tions ranked TOmev- here below the 100th, irrespective of whether 
ranking is based oh the academic budget. Federal fuiids, gradu- 
ate eiuollment, or manpower productivity in science and tech- 
nology. This characteristic of American universities leads to the 
question: Is there some phenomenon peculiar to advanced edu- 



cation so demanding in cost that it requires a radical shift in 
institutional funding practices? Is there a special factor, or is 
the .phenomenon noted simply the response to a number of 
simultaneous changes associated with institution growth? If 
there is a special factor, can it be isolated? 

One answer may be found in a consideration of the medical 
education component of higher education, A decision to engage 
in medical education entails an enormous long-range economic 
coromitment on the part of the academic institution. There are 
not only the requirements for vast clinicsLl research and train- 
ing facilities basic to the education of physicians, but also the 
need for a host of allied health specialties ranging from phar- 
macy to nursing- There are the graduate medical science trzdh- 
ing activities and the associated pr eel inical research programs, 
e.g., biochemistry, physiology, etc. The accomplishment in the 
practice of medicine within one generation have been enor- 
^ mous; \vith these accomplishments, also have come heightened 
* costs. 

This same argument perhaps could be made for high energy 
physics or some other high cost acaderniG science activity. But 
since high energy physics facilities and stafiE are considerably more 
limited in .number ^d since they are funded piincip^y by 
the Federal Government, the issue of medical education loses 
none of its significance. ” ' . 

The statistics bear out this major shift in institutional financ- 
ing practices and i>oint to the special burden of those activities 
associated with medical education. In 1962—1963 there were 87 
medical schools. Of these, 80 institutions associated with medi- 
cal education received §760 million in Federal funds--ab6ut 70 
percent of the Federal obligations for academic science. Fifty 

of these were rank- ordered alK>ve 70 .b^ and 47 

by the education’al aiid general income. Of ^ institu- 
tions rank ordered by Federal funds all but two, 

the Massachusetts Institute of Technology and the University of 
C^ifoinia at Berkeley^ ^e engag medic^ "^ucation. T 

University of California at Berkeley w^, until vei^y^ Of 

the first 50 institutions, 39 haye meeb ^ V .i 

. The data assembled, suggest that .institutior^^^ 
ical education expend as much for.- thei medicalr school comply 
as they expend f or : the remainder: of ; the - uiiiver^ty; These same 
data; further indicate that 'medical education-engaged institu- 
tions rec^ved three tirnes as much^m Federal fim as did their 
counterpafts--those Gl^s A insdfutiohs ^^vithout ■medical^^^ 












Xhe 80 MEEU institutions acxounted for $L9 billion of the ^,3 
billion of the academic budget for the 1,063 degree-accredited 
institutions of higher education for the academic year 1962— 
1963—44 percent of the total (Tables 9, C— 13) . These same 80 
institutions, however, also accounted for 47 percent of the grad- 
uate students enrolled, 48 percent of the . total S8cT DP units, 
and naturally all the doctors of medicine and 95 percent of the 
doctors of dentistry. They produced 62 percents of all the doc^ 
torates’ in science and engineering. The graduate education in- 
dex— Re value— for these 80 institutions is 0.169 (average 0.108) 
and the science education index— the Rs value— is 0.129 (aver- 
age 0.081) ; 

Since the upper part of the himily of curves related to Figure 
4 refers to characteristics apt to be associated with affluent insti- 
tutions — concentration on graduate studies, high productivity in 
science and medical education, of doctorate degrees in science 
and engineering, and of scientific research— one can readily un- 
derstand why these curves all show the sharp and sinular change 
in slope. Each of the criteria of affluence depicted — funds, high 
productivity in research, graduate and science education— is 
seemingly characteristic of those, in the upper segment of uni- 
versities associated with medical education. 

The conclusions- are fairly > obvious: (1) a high proportion of 
medical education-engaged imiversities are among the most af- 
fluent institutions; (2) they are also highly productive in both 
manpower and research in science and technology; and (3) they 
are dependent for a large share of: their total income on the 
Federal establishment. 

There appears to be no way to tease out the facet of the 
medical schooFs activities— medical research, medical education, 
or graduate education— that is specifically responsible for the 
shifts in the education-funding phenoinenbn ‘ described in Fig- 
ures 4, 6, 7. For the present, the most to be ^ned ffom^^^ 
existing data is a set of facts that establish a; critical mass ejffect 
in academic institutional budgetin When a tmivarsity embarks 
on. a program of ihedic^ education there; appears a manifesta- 
tion of a ch^ge which 1 the institution into a 
higher level; of funding.. It seems quiter clear the^ univer^^ 
associated with medical education fifll m special class of ^ i^ 
tutibns when ; measiired^^^ b^ funding and/or 

productivity - in science rand technology^ The evidence submitted 
xemforces the strongly^ held oriew^-^^ of ^higher 

education^ that the- medic^ school oan^ . b an enormouSr drain 
onaneducationaldbastitutiohvS budget.^.^ ; / 



A Profile of the Individual University 



Each of the two hundred institutions and their individual pro- 
files were arranged (Table G-*15) so that they might be inspected 
and compared with respect to a number of institutional charac- 
teristics. The 200 academic institutions in the sample were se- 
lected soley on the basis of the level of Federal funds and rank 
ordered accordingly. (See Tables B-1 through B— 9 for the rank 
ordering details.) Since the private-denominational and public 
universities show marked differences in total enrollment and 
educational and general income, these two segments of institu- 
tions studied were selectively compared. It is not meaningful 
in this context to compare, for example, the California Insti- 
tute of Technology with Purdue University. Another methodo- 
logical constraint is that liberal arts colleges were not used in 
the comparisons about to follow, because of the limitations im- 
posed by the selection criteria, because they are neither major 
produce:^ of research nor contributors to advanced degree sci- 
ence mid technology education. The comparison in this instance 
limited to 100 universities.**® 



The uniformity of the data on the. whole appears self con- 
sistent. Those institutions rank ordered high by Federal funds 
also tend to be rank ordered high, by a number of other, but 
not necessarily by all, characteristics. Those rank ordered low 
by Federal funds also tend to be ranked low by the other, or a 
significant number of other criteria. 

For the discussion that follows, rank ordering by Federal funds 
will be interpreted to mean productivity in research and the 
S&T DP rank order will be used for productivity in science 
education. Quality values are not in any way implied. The terms 
low producers and high producers will be used without qualifi- 
cation, but it is assumed that the reader recognizes that they 
are relative terms. 

There are a number of institutions in this group whose rank 
xyrder leads one to believe that they are high producers of re- 
search and low producers of scientific manpower. Johns Hop- 
kins, Rochester, Washington at St. Louis, Duke, the University 
of California at San Diego, Western Reserve, Yeshiva, Tulane, 
Oregon, Brown, Baylor, and Vanderbilt Universities seem to fall 
in this group. Does this information mean that these institutions 
have unused additional capability for: training? There are also 
a number of institutions that appear to be low producers of 
research and high producers of scientific manpower. Purdue, 
Pennsylvania State, Tennessee, Michigan State, Rutgers State, 
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\iissouri, Iowa State, Oklahoma State, North Carolina State, and 
Kansas State Universities seem to fall within this category. Does 
this information indicate that these uistitutions are capable of 
more research than they undertake? 

Probing a bit further, Johns Hopkins University may be cate- 
gorized a high producer of research and a low producer of 
scientific manpower. It ranks tenth in Federal funds for aca- 
demic science — a high producer of research — 65th for graduate 
enrollment, 62nd for S8cT DP, 97th for the bachelor s degree, 
102nd for the master's degree, and 31st for doctorate produc- 
tion — a low producer of scientific manpower. The University of 
Rochester seems to follow a similar pattern. At the other extreme 
is Purdue University which may be said to be a low producer of 
research and a high producer of scientific manpower. It ranked 
34th according to Federal funds and between 3rd and 5th for 
scientific manpower productivity. It ranks remarkably high in 
manpower produced considering its own fu n d in g characteristics. 
Is the low Purdue funding characteristic (EGI) due to the lack 
of a medical school? Or is it because Purdue can conduct its 
training programs in a more eflScient fashion? Pennsylvania 
State University shows a pattern similar to Purdue University 
of low productivity with respect to research as measured by 
Federal funds for academic science and high productivity with 
respect to degrees in science and engineering, Pennsylvania State, 
on the other hand, invests a larger share of its own funds in 
education^ lorva State University of Science and Technology is a 
rlT^ma tic example of a low producer institutio'n with respect to 
research and a high producer with respect to training in the 
sciences. It ranks 68th with respect to Federal funds, 18th with 
respect to bachelor's degree production in science and engineer- 
ing, 30th with respect to master's degrees, and 13th in doctorate 
productivity. 

Caixter's peer-quality direrted data for the academic year 
1963—1964, rank ordering university departments of science and 
engineering for “graduate program effectivCTess>"" adds con- 
siderable value to the statistical method (Table C— 15) of. 3p- 
praising academic institutions even though they do not lend 
themselves easily to a compaidson with the data rank ordering 
institutions by statistical criteria characteristic of academic sci- 
ence. Cartter's study did not include large segments of medical 
and dental schools and in far too many instances, the number 
of departments of science and engineering specifically evaluated 
within an institution were too few for a statistical analysis of the 
institution's standing in academic science. In spite of these ccn- 
straints, the 18 imiversides adaptable for comparison from the 
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Cartter study— tiiose with 10 departments or more of science 
and engineering evaluated— showed that 15 of these institutions 
placed within the first 17 ranked by Federal jfunds. This sort of 
evidence, as indirect, as displaced in time, and scanty as it may 
be, does demonstrate that both subjective and statistical types 
of studies aimed at evaluating institutions of higher education 
in terms of quality and productivity, have sufficient merit to 
warrant further investigation. 



A Profile of the Individual Liberal Arts College 



The compilation (Table C— 15) may serve still another pur- 
pose — that of more carefully scrutinizing the system of Federal 
fund in g as it correlates with quzdity science education as con- 
ducted by the liberal arts colleges. The discussion below will 
be limited to a selected group of liberal arts colleges- The doc- 
torate producers among the liberal arts group will not be con- 
sidered- 

Within the first 200 institutions rank ordered by Federal funds 
the following liberal arts colleges axe to be found: they are Reed 
(rank ordered 164), Wesleyan (167), Ohio Wesleyan (170), 
Antioch (182} , William and Mary (183) , Smith (187) , Amherst 
(189) , Pomona (193) , and Earlham (199) . Bearing in mind 
that there axe 711 institutions receiving Federal fimds for aca- 
demic science, among which are a great number of relatively 
large and high-quality enrollers-producers of scientific man- 
power, these institutions rank fairly high in bachelor’s degree 
production in the sciences. For it is to be noted that liberal arts 
colleges rank quite low in total enrollment. In other words, 
their comparative contribution to science : education is relatively 
high, considering their size and the fact that their princip>al 
educational contribution is at the first-degree lev^. 

It is interesting to note .further, that these liberal arts colleges, 
all without doctorate programs^ compete feirly well for F 
fimds. They also i^k fairly high in terms of their own invest- 
ment in - education : (EGI) ,■ further^^ m is- a 

continued correlation betiveen- affluence ^ F^exal funds^ . t^ 
holds even for the liberal arts coU^^, But these . analyse axe 
much too limited andjvthe - data too,: sparse For a more informa- 
tive examination of the relationship of: Federal binds ; and lib- 
eral arts coll^es^ Certainly a more definidve study, is in, order. 

The Value €if Acadeniic Statistics ^ - 

From the use: of the t^ of data presented in Table C— 15, 
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concerning the universe of the academic institution, one can 
foresee any number of interpretations. Interpretations at this 
stage, however, are much too speculative, irresp>ective of how 
lightly they are made or considered, for the data are much too 
imprecise and much pertinent data are still not available. Fur- 
thermore, the measures used still require shaping and sharpen- 
ing. Therefore, any use of this type of tabulated material for 
making absolute judgments at this time, respecting individual 
institutions is both premature and haught with risk. However, 
it is possible that with time, refinement of data and metrics, 
and their judicious use in conjunction with substantive knowl- 
edge of science and the academic institution, that the methodol- 
ogy and techniques employed here might have value in making 
judgments with respect to productivity and quality of science 
education and scholarship for individual academic institutions. 
The prognosis is promising. 
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degrgg s&idents are ^ enrolled. Since -by de fin ition the d^rce- 
aocredired institution is an institution that, giants at least, the ba«hd<^s.d^ree, 
this cjualification somehow .todlt p recedence, wi& the result that the production 
of at least d^ry J b M a qrnlifj^^ i 

Wgr& dio{^ped. Xhc file Institixtions left out 4 

tire ChlifMum College of M«Kcme , Los Angdes; 

Chicago; York Medical New York; W<mian^ Mescal Co 

Pennsylvaiua, Philaddpliia? and- M M ia n y Medical^- Colhgey 
Institutioas such as tire IVoodi H<^ Ouejuiogcaphic 
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Grants for Scientific Research. National^ Science Foundation, June 196$, NSF 6S-27, 

In a flew cases, such as in the Biological Science Curriculum Study (BSCS) sup- 
. ported by the National ^enoe Foundation at the University of Colorado ($1.8 
imllion) , the contribution of NSF for academic saence for that institution is 
exaggerated. The BSCS program is located at Colorado primarily for conveni- 
ence. Fortunately, this inddent is highly atypical. 



The educational and general income (£GI) item is not a measure of an institu- 
tion’s educadonal-opecating budget. In the first instance, the statistic refers to 
income, not expenditure. Furthermore, there appears to be a lade of definitional 
uniformity for; educational and r ge;::*eral income. Capital expenditure^*’^fts and 
- appropriations; for capital expenditure*’— seemin^y a part of the items under 
this rubric, is not always induded. On the other hand, “auxiliary” income 
seemingly excluded, is not in some instances. However, the £GI is the statistic 
mcM^ available which relates to an institution’s investment in education, and to 
a degree it does give a measure of in^tution expenditure, size,, affluence, and 
perhaps even quality. 

Federal fonds for academic sdence. are used as an absolute measure of the 
Federal impact and geneiaHy speaking as a measure of an institution’s participa- 
tion in acacl^emic scirace (reseaLTch) . The educational and general income 
excludes an institution’s grant-conl^'ct research funds. To derive an- expression 
of an institution’s total fiscal contribution to' research and education, therefore, 
require the incorporation of grant-contract research funds, or some reasonable 
substitute, into the educational and general income data. Since the -statistics ' 
available for total grant-contract research were much too mireliable and not 
always availably Federal funds for academic science data were substituted. 

The assumption that Federal funds can be used as a measure of an institu- 
tion’s participation in academic: sdence is permissible only if limited to the 
total spectnun of activities in sdence and technol<)g^. It is not intended to 
equate exists per unit of research or education productivity* in one substantive 
aieavwith those in another, for it is well . recognized that the phyrical sdences 
require moi«. expensive and sophistiqited facilities, than do the life sdences, 
and that the biological sdences bear the same relationship to the social sdences. 

Howard Univerrity and Gallaudet Ct^^e in the Distrid of Columbia both are 
partially' supported by the . Federal Government, and thus receive direct 
^ appropriations^ 



There is a m the recei of Federal funds for academic sdence 

(obligations) and their expen<uture by universities and colleges for research, 
sd^oe education, et<x Jfo most, cases the. lag is 'of ihe order of one-half year. 
Funding by the ,U.S. F^iblit :H^th; Service falls^^^^ types characteristic of 
. - this ;riiort-time lag syston.; ^Bu there the. d is diaiacteristic of 

Na^nal Sdence. Foimdatipn.;and;^ of Nay^ Research multiple year funding 
piactip^ .wherein the aydrage life ;:.of : the ^ gr^t ; or contract ; k, of the order of 
two years. :Here Ae> time^ 1^ be as.; long as . one and ^ bi^-half years. 

Fortunately, . one is de^ng here with . a. pipeline ^system of funding. At any 
tune. ‘X*’. obl^ations inay aintideidl m r^tive ^ 

- except in instanc^ . where the pbUgation j limps by ’ major incremoitsl Since 
there h^ be^ no 'large mdnemental inarease in Federal funds for ^ aradexnic 
... OTence . ydthin . Ae 1^ ; several [ years, for; ^ intents . and . purposes, obli^tions 
/ and expenditures, accordin^y, can be considered as synpnomous. ; (Obligations 
• for total [research and development for colleges and universities proper increased 
; from $800 inilU fiscal year 1962 : to $1,060 million in fidal year 1964,^ 

‘ roughly^lO percent.per y^^ - 



There is also some doubt about the full coverage of funding by the National 
Aeronautics and Space Administration. As in the case of the Department of 
Defense, the discrepancy in terms of total Federal obligations for academic 
science is slight, so that it will not affect the Federal influence appreciably- 
It would have been preferable to have had manpower data over a longer time 
span than the one year used. Unfortunately, fiscal year 196S and academic year 
1962-1963 provided the most recent element of time where the pertinent man- 
power and fiscal data concerned existed in sufficient depth. Longer time-span 
manpower data would tend to iron out the peaks and troughs of the statistics, 
they also would give more stability to the institution dassificarion system. By 
employing long-term statistics, marginal producers of advanced degree sdentists 
and engineers tend to become better recognized, thus making possible better 
comparability* procedures in such studies- 

A good compromise would have been a classification of institutions based on 
a three-year enroUment-d^ee spread, and productivity measurements based 
on the most recent academic year. 

The enrollment data— total, graduate, undergraduate— although readily avail- 
able and timely, are not as reliable as one would expect. Fnrollment data do 
not always take into account summer and evening students, although degree 
data do. Not all graduate students are formally enrolled. Frequently, as happens 
in the case of Class B institutions, published graduate enrollment statistics for 
individual institutions do not correlate with those for graduate degrees granted. 
In a number of institutions graduate student enrollment data can be procured 
only by diference calculations— the difference between total enrollment and 
undergraduate enrollment. Difference statistics do not always distinguish 
between advance and graduate degree statistics. However, graduate degree and 
total enrollment data, even with their limitations, do measure an institution’s 
educational level of attainment and the capacity for graduate education. 

The validity of total enrollment data is especially critical in this study. It 
affects those indices which relate to the measurement of how an institution 
allocates its resources to education in science and technology (see derivation 
of Rs) . Although full-time enrollment data m^ht have been more meaningful, 
incomplete coverage of such statistics precluded tlieir use. The: same is true for 
full-time graduate degree enrollment data in the derivation of Re- 

Total enrollment data tend to exaggerate the size and, the educational contri- 
butions of urban institutions, especially those that enroll large numbers of 
part-time and evening students. They also tend to underestimate the contribu- 
tions of those institutions whose graduate students are in thesis preparation but 
not registered. A more precise and mean ingM measure of an institution's total 
contribution to higher ^ucadon is a unit measure that reduces all degrees 
awarded in terms of a conimon standard unit. 

There is a problem in making comparisons between enrollment data of one 
year and degree data fOr earlier enroUihent years. These are deficiencies in the 
study because they feiil to account fully for the phasing of the educational 
process. As with obligations and expenditure data, there is a time lag between 
enrollment and degree— four years for the bachelor's and three or more beyond 
the baccalaureate years for the dcktoral. However, since most established insti- 
tutions are in a steady state of development, whatever growth there is, is 
comparable, and any discrepancy* between enrollment and dqg;rees conferred is 
not serious. The differences can be serious in absolute terms, but in the relative 
terms with which we are dealing, such differences are probably not of great 
signifimnee. Though some parts of the education system may be in a state of 
flux, the total system is moderatdy stable. Class A izistitutions may be said to 
have reached a steady state; they seem to be changing simply by expansion. 






Class B institudons axe undergoing a greater change, but even they are 
primarily expanding at the fringes, principally increasing their producdvity of 
bachelor's and master's degree students. And Class C insdcudons show little 
change within. They too are changing by an increase in enrollment. A few 
Class C insdtudons are leapfrogging into Class A. However, the number of 
insdtudons crossing over into other classes is small; in these few instances the 
informed student of educadon is usually aware of the excepdons, and so can 
make the necessary adjustment. 

Degree data, in general, in contxadistmcdon to enrollment data, can be con* 
sidered to be fairly ''hard." They have oehind thf?m the solidity of many years 
of use and the precision of being ir ' “litored or qualified by nadonal organiza* 
dons representadve of the discipline associated with the degree. Degree data 
specific for the various degree levels granted in science and technology also can 
be considered hard. Though the quality of the degree is not always comparable 
interinsdtudonally, there are both minim nm standards (in most cases imposed 
by nadonal assodadons) and those txadidonal standards and pracdoes that 
qualify and distinguish the doctorate from the master’s and the master’s from 
the bachelor's degree. 

Numbers of degrees and the degree levdi imder similar ciroimstances have 
come to have wide acceptance in making roug^ qualitadve judgments rdadve 
to educadonal insdtudons. From a statistical viewpoint, it is one of the very 
few qualitadve devices of manpower productivity available to the student of 
the educational process. Counting the number of graduates is, of course, not a 
criterion of quality, but it does have value as one measure of an institution's 
quantitative productivity— its manpower output. It is at the productivity level 
that there has existed a fusion or confusion of quality with 'quantity, for degree 
statistics associated with the level of study in science and technology have been 
and continue to be used as relative measures of quality and productivity. In this 
study the simple addition of various degrees granted haje been used as a measure 
of productivity. But such devices are limited to institutions of a like nature, 
hence, these simple summation measures have been depended upon, only when 
itsed in conjunction with other confirming measuring techniques. 

^Opening (Fall} EriToUment in Higher Education, 1962, Institutional Data, VS. 
Department of Health, Education, and Welfare, Office of Education. Washing- 
ton, D.C., OE-t5000S-62. 



^Enrollment for Advanced Degrees. The U.S. Department of Health, Education, 
and Welfare, Office of Education, Washington, D.C., OE-64019-62. 

"It is accepted convention to rank the doctorate higher on the scale of education 
t h a n the master's degree or the baccalaureate. Weighting degrees in terms of a 
base unit, the bachelor's degree, is not new. Students of educational economics 
and productivity, for years have used a timple and arbitrary system of weight- 
ing, based on the bachelor unit weight of one, where the master's degree is 
two, and . the doctorate three or four. These numerical values appear to be 
derived from the average number of years spent in postbaccalaureate training 
with the baccalaureate as the base. This numerical system has served mod- 
erately well, but it is arbitrary and like most suc^ systems its <xxmparative and 
extended use is open to question. It also became quite obvious that any 
weighted base unit, if it were to have meaning, had to be tied dLosely to the 
value of a degree. Giving such value to a unit is espedally difficult. The value 
most amenable to reason and pragmatism turned out to be the cost of edu- 
cating a student— the cost of produong a bachelor, master, and doctoral 
graduate, or a veterinarian, doctor of medidne, or" doctor of dentistry. Cost 
information, although scarce and questionable, does exist. Both the Office of 
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y^nrarion iind the Office of Economic and Manpower Studte of^the Nati^ 
sriw'r^ Foundation" made basic education ««t estimaM in the ^ 1962. 
These *«ntnari.« tveR modified further and adapted to the present study. 

In its simplest terms the system finaUy adopted was based on the ^ of 
training (education, not subsistence) the baccalaureate in saence and engmem- 
ing., Ihe full cost estimate of 55.200 for the baccalaureate m saence and 

engineering accordingly was assign^ a value rf one. 

This base unit (see derivation below) . henceforth, wffl be referred to as the 
and technology degree productivity unit (S&T DP). 

Baccalaureate Degree in Science and Technology (BS) a arm 

Instruction at $1200/year x 4 

Research at $100/year x 4 - '' ' 

I 5,200 

BS 1 

Doctor o/ Fclimnatiflu (DFiW) « ««« 

Instruction and research undergraduate (2 yrs) - • 5 2.600 

Instruction for DVM 52.000/yr (4 yrs) 8.^ 

Research at 5600/yr (1 yr) ^ 

51130 

DVM— 1130/530 = 2.2 

Master's Degree in Science and Technology {MS) coon 

Instruction and research undergraduate (4 yrs) - * 5.^ 

Instruction for MS 53600/yr ^ yrs) - 

Research at 5600/yr (1 yr) 

51S.OOO 

MS-13BM/530 = 23 

Doctor of Medicine and of Denistry {MD&DDS) conn 

Instruction and research undergraduate (4 yrs) 5 5.^ 

Instruction fer MD and DDS at 53600/yr (4 yrs) ............ . 14,W 

Research at 51000/yr (1 yr) 

" ^ 520.600 

MD or DDS-3,600/530 = 43 

Doctorate in Science and Tecknolofft {Phd dr D&) c c onn 

Instruction and rwearch undcigrad^te (4 yrs) 

Instruction for PhD ^d DSc at »600/y^^^ ............. 14,^ 

Research at 51000/yr (4 yrs) ......... . • - . • - v* * - ■ * 

52330 

PhD or: DSc— 330/530 = 43 

The degree costs were arrived, at by- treaty each: degree as thoug^^Jt couM 
be separated into two p?ms. instructional and researth-wheie research .ranged 
£rom^ library thesis. :Uir^ laboratory training. 

thesis research. Accor^y, Uie 553© assigned to tte ba 

degree tonme 5430 -for instruction and 5400 

n^^ of years and the condua of res^ are merdy 

a bans for arriving at an estimate of the cost. The total c^^ 

that it serves as a ctimmon base for costt aaociated with ^ 

the cost estiinate for the banc inut (the producritm of one tachelors d^ree in 

100 






science and technology in 1962) is obviously loiv when considered in terms o£ 
present costs, the values derived for each of the degree levels are relative and 
comparable. They are all based. on a common time period and constant. 

The postbaccalaureate training costs of the master’s degree, the doctoral 
degree, and the doctor of medicine and dentistry degrees were set at $3600 per 
year, about twice the aimual cost for training the doctor of veterinary medidne. 
It is assumed that the doaor of veterinary medidne requires less elaborate 
facilities in his training than is required by the other four degree candidates. 
The prindpal differences ip. the five advanced degree entities lie in the increas- 
ing number of years and the additional cost per year assigned to the more 
advanced degree categories like the doctorate of sdence and the doaor of medi- 
cine and dentistry. The only difference in cost between tl^.doaor of science and 
the doctor of medidne and dentistry' is one of the number of years engaged in 
the condua of research. These are admittedly assumptions which may need 
refinonent as actual data on degree costs are developed. 

Since the metric S&T DP is to be used in diaiacterizing an institution or a 
class of institutions in terms of productivity in sdence education, a number of 
weaknesses in application must be made manifest. There is no recognition given 
to who aaually pays the student costs^that is, private, public, institutional and 
personal sources of income may contribute at one time or another to such costs. 
Who pays the bill is not at issue, for cost is merely used to establish value and 
not to give credit. The S&T DP metric also makes no correction for the f^r^ 
that the advanced degree type institution tends to accumulate pioducdvity 
credit for the bacplaureate contributions of a Hbenri arts coUege. it also makes 
no correction for the multiplier effect resulting from the indusion of the same 
person in the unit system at various times in his career. A student at one 
may be induded in the calculation as a bachelor’s degree redpient, at another 
as a master s degiee and at still another time as a doaorate. These are serious 
faults if the numerical rating expressed by the S&T DP measure is used as a 
hard number. If, however, it is used in a fashion dmilar to the concept Gross 
National Product, as a relative measure of the absolute state of the economy 
with a number of qualifications (and only in conjunction with other comple- 
mentary measures) , then the issue of degree of hardness becomes moot. The 
S&T DP is used in the indicator sense, and like the GNP attempts to reduce 
a number of different weighted, r^ted items into a common unit system of 
expression. 

The defects dmm erated for the S&T DP concept are not unique. These 
faults occur equally in other measurmg systems^ productivity. T^ midtiplier 
^ect and/or orediting g^duate schools for ihe^^ contributions of 

Hberal arts colleges is equaUy a probl^ of conventional systons of giving value 
Or worth to the degrcte whether the 'System is one based on asrigning arbitrary 
values or the common' usage system of giving greater value or worth to the 
doaorate when compared to the master’s Jor bacheioi^s degiee T^ 
degree is usually, solely oedited to the graduate ^rahtlng^ institution. 

^One of the prindpal merits of the conc^t is that it provide a basis for 
measuring, and hence ascertaining an institution’s relative ^ to 

giaduate le^'d education. It is not an uhso/ute m^suie of an institution’s p»^ 
tidpation in graduate education. Graduate enrollment data or graduate d^iees 
are used in this capadty. . 

“To construa and give meaning to the index (R.), that relates an institution's 

total productivity in science education to total educational capability is con- 
siderably more difficult than the previous index for ideally the expr^on 
should compare total connibution to science education to total educational out- 



put. The various degrees in graduate and advanced education in the sciences are 
not univalent, and science and technology enrollment data would not satisfy 
the expression. In addition, this type of enrollment data is not now available. 
Since no measure of an institution’s total educational output exists, input (total 
enrollment) will have to suffice. 

R, has some of the same limitations inherent in R, and the additional con- 
straint that S&T DP is a weighted reasure and not an absolute count of an 
institution’s contribution to scientific and technological education- In addition 
the numerator is expressed in terms of deg^rees and the denominator in students 
enrolled. The substitution “of enrollment data for the degree units in science 
and technology* would not have satisfied the basdc requirements of this index 
for the simple reason that enrollment data for sdence and technology fail to be 
representative of the differences and valu& of the various levels of educational 
attaiiunent (degrees). R„ in spite of its constraints, does satisfy the basic 
requirements for a measure of an institution’s relative output of scientific and 
technolo^cal manpower-the aUocation of educational resources to sdence and 
technology. 

The academic budget, consisting of the educational and general income (£GI) , 
is a measure of an institution’s affluence and to some degree it can be considered 
a measure of its size. Generally, affluence and sue both bear a relationship to an 
institution’s total contribution to education. Total enrollment is a measure of 
an institution’s contribution to higher education only as it rdates to the total 
number of individuals receiving educational benefits. It fails to distinguish 
among undergraduate, graduate, and advanced degree education, neither does it 
recognize research. The institution’s budget, however, also fails to distinguish 
among the manpower elements of education, but it at least is an integrated 
measure of all the elements of an institution’s commitment or investment in 
education expressed in terms of dollars. The budget, then, is a better measure of 
an institution’s absolute contribution to higher education. When combined with 
enrollment data, it has complementary value and can, therefore, serve as a tool 
for measuring total contribution to higher education. 

V/hen used together these data not only reinforce each other, they add 
another dimension to systems of measurement dealing with institutional size 
and educational contribution. Accordingly, the EGI (the academic budget) is 
used here as a measure of an institution’s own contribution to lugger education, 
and in part as a measure of its affluence. Combining the educational and general 
income with Federal funds for academic sdence (EGI FEA^ results in a 
which represents the institution’s total contribution to higher eduction 
(imtitutional income) - This institutional income serves as one leg of the ratio. 

Federal funds statistics are Used here as the absolute measure of the level or 
si ze of Federal academic ^ence programs. (Not infrequently they are tised as 
an absolute measure of an institution’s sdence quality and in lieu of grant- 
contract research funds.) Federal tods data, however, do not readOy serve as 
a measure of the impact or the influence of the Federal pbyernment on the 
institution, unless they are used in conjunction idth a normalizer or used' in 
comparative terms. In other words, such data must be normalized to account 
for the institution’s absolute size and affluence or to account for output or 
total contribution to sdence education- As stated earlier, total insitudonal 
income can serve in this capadty. The use of the other absolute measure of size 
or contribution to total education— total enrollment— is less than satisfactory 
because it is not a measure of contribution and it mokes no distinction for the 
various levds of higher education or the d^^ree to which it contributes to edu- 
cation quantitatively or qualitatively- In- this cas e institutional income— 
EGI FFAS— at least is a measure of an institution’s own commitment or 






investment in higher education (^du<Ung researdi) , and it does have a 
Tefeience to total productivity itt. science and education. Therefore, in con- 
structing the ratio that is to serve ^ ^ index of the Federal impact on the 
totality of an institution's productivity in jiigher education— research and edu- 
cation— total institutional income is used a$ the denominator and Federal funds 
for academic science as the numeiacor- 

The measure Rf, has some of tli^ same constraints inherent in R« and R.. 
Federal funds are obligations and contain all the limitations of obligations, and 
the academic component of the insti^Utioiial income (EGI) is not an ideal nor 
an absolute measure of the institution's op^mting budget. The academic budget 
(£GI) , neverthdess, appears to be tbn best type of data available, and even with 
all its impreciseness, it does give ono an absolute and integrated measure of an 
institution's contribution (investmef^^) education. Federal funds do satisfy 
the required research component of total institutional income. Rf, does contain 
commor. terms in both the numerator denominator (dollars) , and, as an 
index, is sufficiently hard so as to measure adequately the Federal impact 
phenomenon. 

" Rfd is a straightforward expression except for- the denominator S&T DP. Here as 
with R., the S&T DP value is limidng l^ecause of the constraints inherent in 
the weighting system. The S&T unit does, however, fulfill the requirements 
of comparability, for each science ^ud tectrnology degree value has a common 
derivation, the bachelor's degree, and as ^ch lends strength to the use of Rf^ as 
an index of impact of Federal funds. 

^ Although the R« is . not an absolute measure and does not distinguish between 
large and small institutions, the assiunption can be made with some degree of 
certainty that small institutions cannot hav^ high R values and that large insti- 
tutions cannot have very small R's.. K appears that an institution must readi a 
critical mass in total size (total eaxo^Ument) to sustain a graduate program of 
any appreciable magnitude. There ma^y exceptions, of course, e.g., Rocke- 
fdler University and daremont Qjaduate Center and University. Institutions 
with highly developed graduate progtams tend to be the larger instinitions. 

^The Federal funds for academic sdeu^ total reported b' is higher than the 
figures reported in the NSF publicaUon federal Funds j<jt Research, Develops 
merit and Other Scientific Actwitics"^ by l7 percent (Table C-4) , well within 
the agreement expected. The FFAS data cover more than just the research 
component of academic science. ref^t<eiice study is restricted to research; 
Federal funds tot academic science include research, science education, sdence 
information, and institutional base funds. The data reported for both 

studies exclude plant and contract research centers. However, FFAS data do 
include plant associated with the dev^op^ent of specialized facilities— computer 
and nu<dear research centers. FTAS d^tta higher in each of the «^;ency obli- 
gations compared, as they should be> ^cept for the estimate of the U.S. Depart- 
ment of Defense and the National A^tonan^iics and Space Administration. The 
discrepancies (DOD and NASA) not xo he minimized, but they do not 
affect the analysis dealing with Fedemi impact on academic science. They do, 
however, affect estimates df*aling with DOD and NASA contributions to liberal 
arts colleges and the less affluent institutions. 

^Gerard Fid, ^Tederal Funds and Sciei^cie Education," Bulletin of Atomic Scien- 
tists, p. 10, May 1966. 

«*Mehany College is not included in the stu^y population of degree-accredited 
institutions.^ Accordingly, the statexnmit xeferring to the production of gradu- 
ates in medicine applies specifically to the ^tu^ly populadon. 

Howard University, thxoc^ the department of Health, Education, and 
Welfare, receives a direct appropriation^ from the Congress. 
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^^£ari J. McGrath, The Ttedonurumtly Neg^o Colleges and XJntvernHes in Tnzmt- 
tion. Teachers College, Columbia Univezsity, 1965. 

^Withiu these first 100 institutioos, there axe three institutions that are n<mpro> 
ducers o£ the doctoral degpree in science and technology— the University of 
Puerto Pico, Dartmouth CoU^;e and Seton TTgll . College. Dartmouth recently 
instituted a doctorate program in science, even though no degree data were 
reported for the year 1962— 196S. The other two institutions appearing in the 
sample of 100, seem to be there because of their dominant medical schools. 
RodtefeUer University is the only institution in the group without a bachelor's 
or master's degree program; the University of California at San Diego is the 
only institution without a baccalaureate program. 

^ Allan M. Cartter. An Assessment of QuaUty zn Graduate EduenUon. American 
Council on Education, 1966. 

^ James Au Per k ins. The XJruoersity m TrannHon. Piinoettni University Press, 
Princeton, New Jersey, 1966. 

*^Nowhere in this paper ^ there a discussion of geographic and regional distribu- 
tiem of Federal funds, although the evidence frcmi tabulations ma d e , it>dic^teji 
that Federal funds correlate well with poptilation, with regional and State 
appic^nriations for 'total and higher education, with the internal revenue coUec- 
tiem, and with person^ income. The discussion here has been limited to Federal 
funds and the academic institution, for it is the academic institution (not land 
mass) that is determinative with respect to manpower productivity and scholar* 
ship (researdi) and that bears the burden and carries the reqzonsibility for 
science education and scientific research. In fact, it is the people within these 
institutions, fitculty and students, that are affected by and in turn affect Federal 
funds, the institution acting only in the capacity of the vessel for the conduct 
of scholarship and the storage and dissemination of knowledge. 
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1 Percent d^tl may not add to 100 because of rounding. 

* SAT DP := Sotmce and Tmhnology Degree Productivity. 



o 

ERIC 



6 

O 



% 

e 

“S 

D 

w 

- 

0 

1 

c 

s 

S 

D 

U 

I i 

C 0 

^ i 

'Z i 

B ^ 



D 3 

a 



£ 

«i 

6 

O 

1 

s 

&• 

s 

ca 

S 

tt. 

■o 

3 



Other i 

S 


a*:''' .. - 


USDA 


$ 41,697 

im 

40,901 

98J 

796 

IS 

0 

0 


USOE 


O ^ O ^ 40 c»» 

A ^ CO ^ 

4» 


NSF 


Oft ^ A CM 06 A '-X 1 

^ 2 S 


USPHS 


o t>. CM ^e IQ Cs» Oft 1 

A A CO Oft 

A CO 

» 


AEG 


<«o« O CO >h O ca A >i« 1 O 

CM K-., ^ 

» ® 


NASA 


CM^ CM'ft CO A CM^ 1 
CM »-.i ^ 

a "** 


DOD 


o ^ <o 'o Sj CM I 

% Iq. § Sq. c» ^ 

g^g ^ 

53 » ^ 


FFAS 


S 3 §§ 5 ;:; :5 s; i 

2*^22 & S 

^ ^ - 






5 c 

P s vg • S ' S ' 8 

^ 5 ;tt 50 5 Q 5 



CIS 

Q 



iJ 

§ 

8 



' Oft ts. Oft wv PI 06 
Cl lO 



I O Oft rfs ^ *s. 



® O CO 'Q 

O CM 



A «N. OO -»-« <^ C4 

Cl -M Oft 
-M A Cl 



S »n «C5 •r\ ^ C>2 



^ Cl 

§5 



A*s.-» 0 < OS^>« 

^ s « 



< 'c Oft CT^ m -»w 



> 

V\ GO ^ 

> O A 



/ A ^ 06 



-s 

rt s 

J § 






C ^ tO 

« ^ s 

A cui p< 



169 










Tobfe C 4m -Coiwpanjon of Federal FundM for Academic Science Dcrio 
fo Oofo fleported in Federaf Fends for Aeseareh, Deyel^menf 
and Of Aer ScienfiAc Activities for FIscol Year 1963 



[PoUbis ixL thousandBl 



Fedeial Agencies 


Federal Funds 
for 

Academic Science 


Federal Funds for 
Research and Development 
at Educational 
Institutions Proper 


Total ■- 


$1,099^481 


$851,094 


X>epaiiinent of Defense 


199^400 


210303 


National Aeronautics and Space 
Administration 


42,122 


78.170 


Atomic Energy Commission 


62,244 


57.724 


U.S. Public Health Service 


499327 


350355 


National Science Foundation 


22732^ 


107309 


U.S. Office of Education 


19380 


— 


U.S. Department of Agriculture 


413»7 


40386 


UJS* Dqpaotment of Interior 


— 


3.767 


U.S. Department of Commerce ...... 


— 


2,780 


Other 


7,488^ 





i-I>«paxt>ncnt oT bitcsiw and ComsMooee fimds- axe included in ih>» value for ''Other.'* 
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Table C-7.^ro6/e of Degree^Accredtted /nsfrfcitions Receiving Federal 
Support for Academic Science by Agency 



/ 


Institutions Supported 


Number 


Percent of 


Study- 

Peculation 


Those 

Supported 


Total 


711 


67.0 




DGD 


185 


17.4 


26.0 


NASA 


121 


11.4 


iro 


A£C ... ... 


168 


15.8 


23.6 


USPHS 


398 


37.4 


56.0 


NSF 


648 


60.9 


91.1 


USOE 


186 


17.5 


26.2 


USDA -.... 


57 


5.4 


8.0 


Other 


91 


8.6 


12.8 
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Table C— 10.— Acacfemic Institutions Receiving in Excess of Forty Percent 
of Total Income From Fe€leral Funds for Academic Science 



\ 

1 

s 


FFAS 

Rank 

Order 


Control 


Class 


Rfe* 


R^» 




\ ' ^ 

\ Columbia University 

1 Massachu^ts Institute of 


1 


Private 


A-M» 


0.463 


0354 


0.152 


Technolc^ 


2 


Private 


A- 


.687 


394 


323 


\ Stanford University 


6 


Private 


A-M 


.400 


322 


317 


t University of Chicago 


$ 


Private 


A-M 


.524 


347 


.240 


Johns Hopkins University 


10 


Private 


A-M 


.614 


.190 


.143 


i Washington University 


23 


Private 


A-M 


.417 


.143 


.094 


] DtJce University 

i University of California at 


24 


Private 


A-M 


.414 


.158 


J93 j 

1 


! San Diego - 


27 


Public 


A 


.629 


1.000 


.210 i 


Western Reserve University 


30 


Private 


A-M 


.433 


323 


.129 


Yeshiva University 


32 


Denom. 


A-M 


380 


.213 


.175 


California Institute of .Technology 


33 


Private 


A 


320 


.481 


339 


Baylor University 


46 


Denom. 


A-M 


309 


.087 


.175 1 


University of Oklahoma 


47 


Public 


A-M 


.407 


J37 


.114 ' 


Emory University 


61 


Denom. 


A-M 


.405 


.120 


.207 1 


1 Carnegie Institute of Technology 


63 


Private 


A 


.401 


.177 


:202- 


Polytechnic Institute of Brooklyn 


70 


Private 


A 


.450 


- .494 


.221 1 


\ Case Institute of Technology 


75 


Private 


A 


.414 


356 


^1 . 1 


Stevens Institute of Technology 


109 


Private 


A 


.423 


.432 


347 1 


Hahnemann Medical College 


111 


Private 


A-M 


306 


.180 


.782 1 


Union College and University 


115 


Private 


A-M 


.425 


.113 


.204 i 


Georgia Medical Collie 


125 


Public 


A-M 


.434 


.193 


.792 1 


South. Carolina Medical College 


135 


Public 


A-M 


.416 


J86 


.775 



^ li£ = Medical Sdneation Asaoexated. 
s Bfe = Federal funds impact index. 
3 He = Gradoate edncataon fnA»r_ 

** Bs = Science education index. 
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» EOl = EducaUoiuU and General Income. • R(. = FPAS/EOI + FFA8. » Ri = SAT DP/total entolhnent. 

• PPAS '= Federal FVnda for Aiiaddmlc Science. < R« = Graduate enrollment/total enrollment. 



Table C-12.-Atanpower and Funding Characteristics of Universities and Collages Enrolling Predominantly Negro Students 
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® Rfd =: Federal funds for academic sclence/Boienco and technolofiry degree productivity. 
^ Re = Graduate student enroUmmt/total enrollment. 

T Ri, = Science and technology degree productivlty/total enrollment. 



Table C- 14 ,-Fundlng and Manpower Characterisfles ot clasi A Private Control Medical Education Associated Universities 
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Table C-IS.-Ranfc Order of 200 Academic Insfllutlem by Funding dnd by PreductlvHy in Science Education, 
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* PPAS =: Pederal Pimds foi* Academic Science, 

2 KGl = Educational and General Income 

3 S&T DP = Science and Technology Degree Productivity. 
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